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We regret that owing to 
unforeseen circumstances 
‘Low frequency filter’ has had 
to be carried over to next 
month, when it will be titled 
‘Output amplifier with AF 
band-pass filter’. 
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VHF and UHF television 
bands. 
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E.A. Newman (b. 1918) 


Edward Newman, a pioneer of digital 
computing, died last August. Shortly 
after graduating in physics just be- 
fore the Second World War he joined 
the EMI Research Laboratories, where 
he worked with the great Arthur 
Blumlein. 

After the war, he moved to the National 
Physical Laboratory where he worked 
with another great, Alan Turing, on de- 
veloping ACE, one of the world’s first elec- 
tronic computers. It was there that he 
used his knowledge of television and 
radar to design digital circuits, which 
were then revolutionary, but made the 
project a success. 

Later, he worked, under A.M. Uttley, 
on pattern recognition. From then on, 
he never lost his interest in under- 
standing the human brain and corre- 
lating it with computer technology. 


J.E. Dingman (b. 1901) 


James Dingman, one of the pioneers 
ofsatellite communications, died last 
August. He was chief engineer of the 
American Telephone and Telegraph 
Company when, in 1962, he oversaw 
the first broadcast programme to be 
beamed into space and back again to 
earth via Telstar. This satellite (which 
is still in orbit) launched the modern 
era of telecommunications. 

Many successors to Telstar were 
launched under Dingman’s leader- 
ship after he had become Director of 
Comsat, the Communications Satellite 
Corporation. 





NETWORKING ACROSS ACADEMIA 
The computer local area networks (LANs) 
of around 200 universities, polytechnics 
and research establishments іп Britain 
have been linked for a decade by JANET, the 
Joint Academic Network. This system is 
now being upgraded with the latest high- 
speed fibre-optic technology, so that, in ad- 
dition to just carrying messages, it will 
provide the academic community with an 
advanced communications infrastructure 
that will satisfy its needs through to the 
next century. 

To be known as SuperJANET, the improved 
network is needed to support advanced learn- 
ingandresearch activities. These require 
high-speed data, images and video com- 
munications in addition to voice. SuperJANET 
will augment, but not replace, the exist- 
ingJANET network that was created in the 
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early 1980s and which currently serves some 
50 000 terminals and provides access to 
electronic mail services around the world, 
including the NsrNet (National Science 
Foundation Net) in the USA. 


Higher performance overlay network. 
SuperJANET will not change the way that 
research workers access remote data- 
bases and communicatie with their peers 
in all parts ofthe world on a routine basis 
via E-mail. However, it will provide a far higher 
performance overlay network that will roll 
out to an increasing number of estab- 
lishments across the country. Then, as sim- 
ilar networks are developed in other coun- 
tries, there will be the opportunity of ex- 
tending the connectivity. 

Dr Robert Cooper, who leads the pro- 
ject for the Science and Engineering Research 
Council/Universities Funding Council 
joint network team, believes that super- 
JANETis unique in Europe -and almost so 
inthe world. Explaining the new network's 
pioneering role, he added that it will bea 
test bed, because the academic world is 
very demanding and will employ the tech- 
nology before itis widely used commercially. 

Britain's Universities Funding Council 
(UFC) awarded the contract, worth £18 mil- 
lion over four years, to British Telecom 
(Br). The initial phase will link sites at 
Cambridge and Manchester Universities, 
Rutherford Appleton Laboratory, University 
College London, Imperial College London 
and Edinburgh University. During 1993-94, 
around 50sites will be connected to the net- 
work with further ones being added sub- 
sequently, subject to additional funding. 


Broadband technologies 

The network design uses the latest broad- 
band technologies and much of the con- 
nectivity will be based on BT's new Switched 
Multimegabit Data Service (SDMs). 
Synchronous Digital Hierarchy (spH) will 




















become the primary network technology 
which, together with new broadband switch- 
ing technologies (distributed queue dual 
bus and asynchronous transfer mode), will 
provide for maximum interconnectivity. 

Dr Alan Rudge, BT's managing direc- 
tor for development and procurement, 
with responsibility for all the company's 
technicalresearch activity, stressed that 
the advanced broadband switching plat- 
form that will interlink sites is vital to in- 
dustry as well as government and acad- 
emia. "The superJANET contract allows BT 
to collaborate with universities on new ap- 
plications which will, in due course, pro- 
vide business with a competitive edge." 

Dr Rudge stressed the need to pro- 
mote the image that 'broadband is the 
norm’. He went оп to say that BT proposes 
to participate in collaborative ventures 
with suppliers to deliver equipment. He 
further added that there is a need for a crit- 
ical mass to engender confidence. Hence, 
BTexpects that the availability ofthe net- 
work will provide the vital ‘pump priming’ 
function. 


Visualization output. 

The transmission to Imperial College in 
London of the visualization output of 
large-scale computational fluid dynam- 
ics calculations performed on the Cray ҮМР 
supercomputer at the Rutherford Appleton 
Laboratory is one engineering applica- 
tion proposed. As the vast amount of data 
generated by the application can only be 
absorbed by the user if it is presented as 
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an image—often with colour and anima- 
tion—SuperJANET will obviate the need 
for the researchers actually to be on the 
Rutherford site. 

Similarly, the Medical Research Council 
(MRC) Cyclotron Unit at Hammersmith 
Hospital, in London, has several advanced 
facilities for producing brain images that 
are of interest to research workers at other 
sites. In the pilot project, brain images ac- 
quired at Hammersmith will be trans- 
ferred to the Departments of Psychiatry 
at Edinburgh University and University 
College London (UCL) for analysis , and to 
the supercomputer centre at Edinburgh 
University for processing. 


Interactive video 

University College London has facilities 
to teach surgery via interactive video. 
Consequently, there is a proposal to set 
up a series of surgical demonstrations 
between UCL and the other centres which 
could support a range of interactive ac- 
tivities including surgical demonstrations 
from the operating theatre, clinical demon- 
stration in the lecture theatre, discus- 
sions between surgical specialists, the 
co-operative preparation of video teach- 
ing material and exploration of ways of using 
existing courseware designed for self-di- 
rected learning in a distance learning en- 
vironment. 

This proposal hasa the support of the 
departments of surgery at St Mary’s Hospital 
Medical School (Imperial College), London, 
and the universities of Edinburgh, Glasgow, 
Manchester and Cambridge. 

Applications in the field of informa- 
tion services include library document 
distribution and an electrical journal test- 
bed as well as a number of applications 
concerned with transferring large files 


rapidly from place to place. The former will 
aim to demonstrate document request 
and delivery over the network involving over 
seven universities (including two former 
polytechnics) with a view to eventually 
establishing a regular service between all 
universities. It will be more cost-effective 
than the existing inter-library loan arrange- 
ments which are slow and labour inten- 
sive. 

SuperJANET will enable a large variety 
of tasks—encompassing a number of dis- 
ciplines—to be undertaken that are cur- 
rently being held back by lack of a suit- 
able high-speed network. In addition, as 
each new application is successfully im- 
plemented, the benefits of SuperJANET will 
become more apparent to an even wider 
field. 

Science and Engineering Research 
Council, Polaris House, Northstar Avenue, 
Swindon, England SN2 151. 


MAPLIN ELECTRONICS NATIONAL 
KARAOKE CONTEST 
WON BY SARAH JANE HAVERS 
Winner of the Maplin Electronics National 
Karaoke Contest sponsored by PMI (part 
of the EMI Music Empire) is Sarah Jane 
Havers, a back-stage chaperone from 





Taplow in Buckinghamshire. Runner-up 
is Miss Marianne Headington (aged 11) from 
Little Staughton, Bedfordshire. The judges 
included Sean King, Editor of Video & 
Home Entertainment, Martin Smith, Head 
of Programming Picture Music International, 
Robert Ball, Editor of Electronics - The 
Maplin Magazine, and pop singer Mark 
Khan. The photo shows Sarah Jane dur- 
ing the two-hour recording session at 
London’s famour Abbey Road Studios, 
which was the first prize of the contest. 


WORLD'S LARGEST QUADRATURE 
BOOSTER 

The world’s largest quadrature booster, 
used to help control the power flowin two 
parallel transmission lines has success- 
fully completed works tests. The unit, 
rated at 2000 MVA, 400 kV, has been 
built at a cost of £5 million by Peebles 
Power Transformers in Edinburgh for use 
on Britain’s national power grid. 

Quadrature boosters are used in con- 
junction with existing autotransformers 
to control power flow. They inject a volt- 
age in quadrature to the system phase volt- 
age and variation is achieved by tap chang- 
ing. Tap changing on the autotransformers 
injects a voltage that is in phase with the 
system voltage. Optimum sharing of 
megawatts and megavars in two parallel 
circuits can therefore be achieved by a com- 
bination of quadrature and in-phase volt- 
age injection. 

The largest quadrature booster previ- 
ously built by Peebles was a 750 ММА, 275 kV 
unit made up of two core and winding as- 
semblies housed in a single fabricated 
tank suitable for transportation to site. 

The physical size of the latest unit, 
however, meant that each core and wind- 
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Books from Elektor Electronics (Publishing) 


The following books are currently available: 
£9.95 
£9.95 

£10-95 

£12-95 
£10-95 

£9.95 
£10.95 
£10.95 
£10.95 


301 Circuits 

302 Circuits 

303 Circuits 

304 Circuits 

Microprocessor Data Book 
Data Sheet Book 2 

Data Book 3: Peripheral Chips 
Data Book 4: Peripheral Chips 
Data Book 5: Application Notes 


The books may be obtained from bookshops*, Old 
Colony Sound Lab (USA and Canadian readers only—for 
address, see order form on p. 79) or direct from our 
Dorchester office (private customers only*) on the order 


form on page 79. 


* Orders other than from private customers, for instance, 
bookshops, schools, colleges, should be sent to 
Gazelle Book Services Ltd 


Falcon House 
Queen Square 


Lancaster LA1 IRN 


England 


Telephone (0524) 68765; Fax (0524) 63232 





ing assembly had to be housed in a sep- 
arate tank. The shipping mass of each 
assembly at 240 tonnes was in fact greater 
than the combined shipping mass of the 
750 MVA unit. 

Following the successful completion of 
testing, the giant booster has been shipped 
from Granton Harbour on the Firth of 
Forth by RoRo (roll-on, roll-off} ship to the 
port of Goole en route to the National Grid 
substation at Stockbridge, near Sheffield. 
Peebles Power Transformers Ltd, East 
Pilton, Edinburgh, Scotland EH5 2XT. 


APPLE CHOOSES INTEL FLASH 
STORAGE CARDS 
FOR NEWTON MESSAGEPAD 
Intel Corporation is providing Apple 
Computer Inc. with 2 Mbyte flash storage 
cards packaged in credit-card size for the 
Newton* Messagepad*. 

Тһе many benefits of flash are allow- 
ing mobile system designers to make the 
vision of hand-held computing devices a 
reality. In designing Newton technology, 
Apple was able to go beyond the disk drive 
paradigm. Instead of retrofitting flash to 
behave like a drive, they looked at the 
unique benefits of flash and designed a 
better storage system for their customers. 
* Newton and Messagepad are trademarks 
of Apple Computer Inc. 

Intel Corporation (UK) Ltd, Pipers Way, 
Swindon, England SN3 IRJ. 
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$14.50 
$14.50 
$17.90 
$23.95 
$19.90 
$18.50 
$19.95 
$19.95 
$19.95 


MEGAVISION - A CHIP SET FOR 
TELEVISION AND MULTIMEDIA 
As а successor to its award-winning 
‘Featurebox 88' chip set, Siemens hasin- 
troduced a complete system of integrated 
circuits that not only offers flicker-free tele- 
vision, but can also be used in studio and 
multimedia applications. Picture quality 
has been enhanced even beyond the lev- 
els offered by 100 Hz technology. New 
functions have also been implemeted. 
Changing over to submicron technology 
has allowed a higher level of integration 
and this in turn provides cost benefits. The 
modular component principle starts with 
picture processing for 16:9 screens and, 
with the most sophisticated configura- 
tions, includes noise reduction, picture- 
in-freeze frame, freeze frame in picture, 
nine-element picture with tuner scan- 
ning and full-frame mode without line 
flicker. 


LOW-HARMONIC SWITCHED-MODE 

POWER SUPPLIES 
Toreduce the harmonic content of switched- 
mode power supplies for TV sets and mon- 
itors, Siemens has developed a set of con- 
trol chips that conform to tomorrow's 
standards today. The chips, coded TDA 
4061 and TDA 4605, 4605-2, 4605-3, are 
designed for different power consump- 
tions. Their use produces a sinusoidal 
current input for the flyback power sup- 
plies. 
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EPROM EMULATOR 


32K x 8 Non Vol (EEPROM) 


Micro 


Controlled 


PC Software 
Included (Com 1/2). Int/Mot 
Hex Download. Modify Memory. 


Powered from Target SKT 
£1 50 + Car. + VAT 


ZE SYSTEMS Ltd 


Tel: 0280 850521 Fax: 0280 850434 





Siemens AG, LZF Infoservice, Postfach 
23 48, D-90713, Munich, Germany. 
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Harmonics [n] 


An harmonics analysis based on EN60555 
shows the excellent values for switched-mode 
power supplies that can be obtained with the 
1DA46065 control chips (black bars). The columns 
showthe permissible limits for the operational 
data applying here: 230 V a.c., 50 Hz, 1.36 А 
current input (fundamental), i.e., a power con- 
sumption of 300 W. The oscillogram shows the 
quasi-sinusoidal relationship between the 
input voltage and input current. 


VHF/UHF TELEVISION TUNER 


(PART 1) 


wis i 
WENU eT o ይ STONE 
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Together with a suitable colour monitor, the television tuner 
described here forms a complete television set. 
Microprocessor controlled, menu-driven, with digital tuning, a 
small LCD text screen, optional infra-red remote control, and 
memory capacity for up to 100 preset stations, the tuner is 
ideal for TV DXing and interfacing to a computer system via a 
video digitizer. The unit offers full coverage of the VHF and 
UHF TV bands, and apart from the normal mono sound 
channel, analogue stereo sound as used in some countries on 
the European continent is also provided. 


Design by W. Sevenheck 


HE block diagram of the TV tuner 

is given in Fig. 1. The most impor- 
tant sections are the power supply, the 
(ready-made) VHF/UHF tuner module, 
and the intermediate frequency (IF) 
circuit plus sound decoder. A micro- 
processor core based on a 8751 con- 
troler arranges, among others, the 
control of a two-line LCD text display, 
a small keyboard, and the tuning of 
the tuner module. The serial І2С bus is 
used for the communication between 
the microcontroller and a number of 
other ICs in the circuit. The digital sig- 
nals needed for this communication 
are generated by the microcontroller 
itself. In addition, the 8751 also de- 
codes and processes the digital RC5 
codes received from an RC5 compati- 
ble infra-red remote control. 

The TV tuner supplies a colour- 
video-blanking-synchronization 
(CVBS, or simply ‘composite video), 
output signal into a standard load im- 
pedance of 75 Q. 


Circuit description 


The circuit diagram in Fig. 2 shows 
the VHF/UHF tuner module, the 
sound and vision decoders, and the 


power supply. Nearly all the ‘work’ in 
the circuit is done by three powerful 
integrated circuits from Philips 
Semiconductors. АП three, the 
TDA3842  multistandard video IL 
processor, the TDA3857 sound IF 
processor, and the TDA8415 sound 
processor, appear in recommended ap- 
plication circuits as found in the 
Philips datasheets. Two surface- 
acoustic wave (SAW) filters from 
Siemens are used to minimize cross- 
interference between sound and vi- 
sion. Both filters pass the 
down-converted 38.9-MHz reference 
carrier. Filter Еп also passes the 
sound component, while Fl2 does the 
same with the vision component. In 
both cases, the 38.9-MHz signal is 
needed as a reference in the decoding 
operation. A simple analogue-to-digital 
converter (ADC) based on a resistor 
ladder network and an LM339 opamp 
(IC4) converts the AFC (automatic fre- 
quency control) signal supplied by IC3 
into four logic levels that are accepted 
by the microcontroller, which uses the 
4-bit code to ensure the best possible 
tuning of the tuner module. 

The tuner module, a Type UV816PLL 
from Philips Components, requires 
three supply voltages: 5 V, 12 V and 


33 V. The unit gives full coverage of the 
VHF-1 (channels E2 to C; 48.25 MHz to 
82.25 MHz), VHF-3 (175.25 MHz to 
224.25 MHz) and UHF (channels E21 
to E69; 471.25 MHz to 855.25 MHz) TV 
bands. It should be noted that the 
УНЕ-1 and VHF-3 bands are no longer 
used for television in the UK. They are 
still of interest, however, because of the 
many signals that can be received 
(under favourable propagation condi- 
tions) from overseas TV stations trans- 
mitting in these bands. 

Tuning is accomplished with the aid 
of (serial) digital commands applied to 
the module ма its 120 bus connec- 
tions, SDA and SCL. The intermediate 
frequency signal is available on the 
two IF outputs, pins 16 and 17. The 
UVS816PLL is provided with a digital 
programmable phase-locked loop (PLL) 
tuning system. This enables tuning 
with a 62.5-kHz raster at crystal accu- 
racy. Apart from tuning, band switch- 
ing is also carried out via the РС bus. 
The tuner's AGC input is driven by the 
TDA3842 video processor. The video 
(vision) and audio (sound) decoder cir- 
cuits are connected in parallel to the 
tuner's IF outputs. 


Vision channel 


After the sound information has been 
eliminated by SAW filter Fl2, the IF sig- 
nal is applied to IC3, a Type TDA3842 
multi-standard video IF amplifier/de- 
modulator. The internal structure of 
this IC is given in Fig. 3. Glancing 
back at the circuit diagram in Fig. 2, it 
is easily seen that the TDA3842 is 
used in its standard application cir- 
cuit. However, the switch marked 
'video-off is not implemented, while 
the video switch at pin 9 is available as 
a connection (solder spot) only, which 
allows the AGC to be driven by nega- 
tive (B/G) or positive (L) modulation of 
the sync signal. The B/G option is the 
default. The L option is only used with 
TV systems other than PAL, such as 
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ЗЕСАМ. 

Іп the following descriptions, fre- 
quencies that apply to the UK televi- 
sion standard (CCIR System I) are 
given in brackets. 

A 5.5 MHz (6.0 MHz) sound subcar- 
rier trap is connected between pins 13 
and 14 of the TDA3842. The parallel 
LC tuned circuit required for the video 
demodulator is connected to pins 10 
and 11. The demodulator supplies the 
AFC (automatic frequency control) via 
a 90? phase shift. The preset poten- 
tiometer connected to pin 2 determines 
the operating point of the AGC. If the 
signal level is too low, transistor T3 
arranges for the mute circuit to be ac- 
tuated. The audio channel in the 
TDA8415 (IC2) is then cut off, so that 
the loudspeaker does not produce 
noise. The sound channel is opened 
again when a sufficiently strong signal 
is received. 

The BC547B transistor at the video 
output of the TDA3842 buffers the 
video signal, and ensures an output 
impedance of about 75 О. Capacitors 
C31 and C32 block the d.c. component 
in the output signal. 

The AFC output signal produced by 
the TDA3842 is fed to the above men- 
tioned 4-level comparator circuit 
around IC4. The resultant 4-bit code 
supplied by the four comparator out- 
puts is used by the microcontroller to 
fine-tune the receiver. 


Sound channel 


The sound channel is based on two 
further ICs from Philips Semiconduc- 
tors’ family of  high-integration 
TV/video building blocks. These ICs 
are the TDA3857 IF amplifier with two 
FM demodulators, and the TDA8415 
sound processor for two-language 
sound, with integrated filters and 12С 
bus control. To begin with, the video 
component is suppressed by SAW filter 
Fli, while the 38.9 MHz reference car- 
rier and the sound component are 
passed. Next, the balanced IF signal is 
applied to ІСІ. 

The internal organisation of the 
TDA3857 is given in Fig. 4. First, the 
level of the IF signal is 'stabilized' with 
the aid of an automatic gain control 
(AGC). The speed of this control is de- 
termined by capacitor Ci, which is 
connected to pin 2. The sound inter- 
carrier is restored on the basis of the 
input signal, while any residual AM 
signals are suppressed. The two com- 
ponents produced by the mixer, 
5.5 МН? (6.0 MHz) and 5.74 MHz, are 
separated by appropriate external ce- 
ramic filters, X6 and X7, and еп 
processed separately in the IC. The 
5.5 MHz (6.0 MHz) subcarrier supplies 
the main sound channel as produced 
by any mono TV set. The second lim- 
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Fig. 1. Block diagram of the VHF/UHF TV tuner. A microcontroller is used to control the ana- 
logue sections, while an LCD is useful for operating the tuner. 


iter/demodulator in the TDA3857 is 
tuned to a narrow band around 
5.74 MHz, which contains information 
for stereo or two-language broadcasts. 
Note that this type of analogue stereo 
sound with TV broadcasts is used in 
some European countries only, includ- 
ing Germany and Holland. It is not 
used in the UK, where stereo TV sound 
is digital and based on the NICAM-728 
standard. Two tuned circuits, X2 and 
X3, are used to demodulate the sound 
signals at 5.74 MHz and 5.5 MHz 
(6.0 MHz) respectively. In the absence 
of a 5.74-MHz component, the associ- 
ated sound channel is automatically 
muted, leaving the main sound chan- 
nel to be heard only. The two audio 
signals are output via pins 6 and 7, 
and fed to the audio processor, IC2. 
Preset P1 is included in the circuit to 
allow the level of the two audio chan- 
nels — 5.5 MHz (6.0 MHz) and 
5.74 MHz — to be made equal. This is 
necessary to ensure the best possible 
channel separation with stereo broad- 
casts. 

The sound processor, IC2, is a 
TDA8415. This IC has been developed 


for stereo or two-language sound in TV 
sets and video recorders. As shown in 
the block diagram in Fig. 5, audio sig- 
nals are applied to the two inputs of 
this processor: ‘(L+R)/2’ or language 
‘A’ goes to input AF1, and ‘R’ or lan- 
guage 'B' to input AF2. In this nota- 
tion, 1/7 is the left-hand audio channel 
in a stereo broadcast, апа ‘В’ the right- 
hand audio channel. A pilot tone mod- 
ulated 5096 AM on a subcarrier at 
54.6875 KHz enables the sound 
processor to distinguish between 
stereo and two-language broadcasts. 
The pilot tone is contained in the sig- 
nal for the second channel (E2) and 
has a frequency of 117.4 Hz for stereo 
broadcasts, or 274.1 Hz for two-lan- 
guage broadcasts. Depending on the 
mode of the sound processor (mono, 
stereo or two-language) LED Di 
and/or D2 is controlled by IC outputs 
C1 and C2 via two buffer transistors. 
The sound processor IC itself is con- 
trolled via the SCL and SDA lines that 
form the РС bus. Special commands 
on this bus allow the processor's sig- 
nal inputs to be selected, and the mut- 
ing to be actuated. The timing signals 
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required for these operations are de- 
rived from a 10-MHz quartz crystal, 
X9, which is connected to an on-chip 


| = ا‎ penc vi oscillator. The audio output signals 
CI нато mE are fed out of the circuit via capacitors 


SEPARATOR 


Сіз and C14. The additional audio in- 














1 puts, ЕЗ and Е4, and the additional 
audio outputs, A3 and A4, are not 
>> > » used in the present circuit. 








= EC 
ИИ | Е Power supply 
[tosic] н С 
Taz All supply voltages required for the 


4 standard VHF/UHF TV tuner are derived from a 

І ነጃ X | single 15-V, 15-VA mains transformer, 
| | | | whose secondary winding is connected 
83006414 to Ks. A voltage doubler, D3-D4-C45- 





(:46, turns the 15 V a.c. into about 
Fig. 3. Block diagram and typical surroundings of the TDA3842 video demodulator (courtesy 35 V d.c., which is stepped down to а 
Philips Semiconductors). regulated voltage of 33 V by a zener 
diode, 05, connected to a current 
source, Т5-Кзв. The regulated and tem- 
ፌ-55.አጸቲ perature-compensated 33-V supply 
че 4 1 voltage is applied to the UV816PLL ТУ 
pet tuner module. 
The direct voltage of about 18 V 
pm across C49 is stepped down 10 12 V by 
მახატია ተላ regulator ICs. This also powers the 
second regulator, IC6, which provides 
the 5-V supply rail Resistor Као is 
SOUND connected between the output of ІС5 
ከዳር M2 and the input of ICe to reduce the dis- 
sipation of the 5-V regulator. 


intercarner 





QUASI- SEN 
SOUN! 





Traffic control: an 8751 


The remainder of the circuit is given in 
Fig. 6. All control activities are as- 
sumed by a single microcontroller 
Type 8751, which comes ready-pro- 
grammed through our Readers 
Services. The circuit around the micro- 
controller has no surprises. The 
power-up reset network is formed by 
R2-C2. Тһе 10-MHz clock signal is gen- 
erated with the aid of crystal ХІ. Two 
resistor arrays, Re and R7, provide the 
ant ahasing necessary pull-up resistors on a num- 
ber of I/O lines. The two-line LC dis- 
оематах | ounce play is connected to boxheader K2, 
DE EMPHASIS ы which supplies all the necessary drive 
signals, including the contrast voltage 
which is set with Рі. Jumper ӘРІ is 
used to actuate the background light 
on some types of display unit. 
Connector Ki forms the link with 
"Ap the rest of the circuit. Apart from the 
SDA and SCL signals, this bus also 
carries the 4-bit AFC information sup- 
plied by IC4, and the mute signal, ID. 
As already mentioned, the TV tuner 
has a capacity of 100 preset stations. 
Since the 8751 does not have enough 
internal memory for this purpose, ex- 
ternal memory has been added in the 
som form of an I?C compatible EEPROM 
" тше with а capacity of 256 bytes. The EEP- 
„ттт 2. 930064-15 ROM, а Type PCF8582A, is capable of 
retaining data without a backup volt- 
Fig. 5. Block diagram of the TDA8415 audio processor for TVs (courtesy Philips аре. Ап RC network, R4-Cs, is con- 
Semiconductors). nected to the PTC input to make sure 
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Fig. 6. Circuit diagram of the digital control based on ап 87251 microcontroller from Intel. The preset stations are stored іп an EEPROM, ІС2. 


that the timing of the read/write cycle 
in the memory is correct. 

The local keyboard on the tuner 
consists of five press-keys which are 
connected directly to microcontroller 
port lines. 

The infra-red receiver is formed by 
IC4, an SFH505A module from 
Siemens. The pulses supplied by the IR 
receiver reach the microcontroller via 
inverters IC3c and ІСза. The microcon- 


troller is programmed to respond to 
codes transmitted by RC5 compatible 
(Philips standard) remote control units, 
and causes LED Di to flash while a 
valid IR signal is being received. 
Finally, the processor board has its 
own 5-V regulator to improve the sepa- 
ration between the digital and ana- 
logue sections of the tuner. An 
additional advantage of the separate 
supply is that the processor board may 


be used for other applications. In this 
regard it is useful to mention connec- 
tor K3, which carries the non-used I/O 
lines. 

Next month's second and final in- 
stalment of this article will discuss the 
construction of the printed circuit 
boards, and the enclosure in which the 
tuner is fitted. Also, the operation of 
the unit will be discussed extensively. 

о 
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- 
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS 


ОМР MOS-FET POWER AMPLIFIERS 
HIGH POWER, TWO CHANNEL 19 INCH RACK 


THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 


THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


MXF600 (300W + 300W) MXF900 (450W + 450W) 

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
FEATURES: *independent power supplies with two toroidal transformers Ж Twin L.E.D. Vu meters Ж 
Level controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
proof x Latest Mos-Fets for stress free power delivery into virtually any load ж High slew rate Ж Very low 
distortion ж Aluminium cases ж MXF600 8 MXF900 fan cooled with D.C. loudspeaker and thermal protection. 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 
SIZES:- MXF200 W19"xH3'" (2U)xD11" 
MXF400 W19"xH5"." (3U)xD12" 
MXF600 W19"xH5*." (3U)xD13" 
MXF900 W19"xH5"*«" (30)х01 434% 
PRICES:-MXF200 £175.00 МХҒ4ОО £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 


"ЭСЕК 5ፐጄክቨርርን 3-WAY ACTIVE CROSS-OVER 


Advanced 3-Way Stereo Active Cross-Over, housed іл а 19” x 1U case. Each channel has three level controls: 
bass, mid & top. The removable front fascia allows access to the programmabie DIL switches to adjust the 
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches 
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules, 


Price £117.44 + £5.00 P&P 


STEREO DISCO MIXER SDJ34005 = ж ECHO& SOUND EFFECTS* 


STEREO DISCO MIXER with 2 x 7 band 
1 8 В graphic equalisers with bar graph 
LED Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with talk-over 
switch, 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor. 8 
Sound Effects. Useful combination of the 
following inputs:- 3 turntables (mag), 3 
mics, 5 Line for CD, Tape, Video etc. 


Price £144.99 + £5.00 P&P SIZE: 482 240 x 120mm 
PIEZO ELECTRIC TWEETERS - MOTOROLA 


Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 
S | TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. {deal for 
Š s bookshelf and medium sized Hi-Fi apeakers. Price £4.90 – 50р P&P. 
ТУРЕ ‘В’ (KSN10054) 3%” super horn for general purpose speakers, 
disco and P.A. systems etc. Price £5.99 — 50p P&P. 
ТУРЕ ‘C’ (KSN10164A) 2"x5" wide dispersion horn for quality Hi-Fi sys- 
დ tems and quality discos etc. Price £6.99 + 50p P&P. 
ТУРЕ ‘D’ (К5М1025А) 27х6” wide dispersion horn. Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 
quality Hi-Fi systems and quality discos. Price £9.99 - 50p P&P. 
ТУРЕ ‘E’ (KSN1038A) 3%” horn tweeter with attractive silver finish trim. 
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50р P&P. 
LEVEL CONTROL Combines, on a recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. 


ibl FLIGHT CASED LOUDSPEAKERS 


Anew range of quality loudspeakers, designed to take advantage of the latest 
Speaker technology and enclosure designs. Both models utilize studio quality 
12" cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
constant directivity horns. extruded aluminium corner protection and steel 
ball corners. complimented with heavy duty black covering. The enclosures 
are fitted as standard with top hats for optional loudspeaker stands 


POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


ibl FC 12-100WATTS (10048) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 
OPTIONAL STANDS PRICE PER PAIR £49.00 


Delivery £6.00 per pair 
- THREE SUPERB HIGH POWER 

IN-CAR STEREO BOOSTER AMPS CAR STEREO BOOSTER AMPLIFIERS 

ТИРИ 150 WATTS (75 - 75) Stereo, 150W 

E ` Bridged Mono 

250 WATTS (125 + 125) Stereo, 250W 
Bridged Mono 
400 WATTS (200 - 200) Stereo, 400W 
Bridged Mono 
ALL POWERS INTO 4 OHMS 
Features: 
* Stereo, bridgable mono * Choice of 
high & low level inputs # L & R level 


PRICES: 150W £49.99 250W £99.99 controls * Remote on-off * Speaker & 


400W £109.95 P&P £2.00 EACH 


POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL | 

ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC. 

PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA АМО መ 
ACCESS ACCEPTED BY POST, PHONE OR FAX. 


SERVICE x LARGE (44) S БОр STAMPED FOR CATALOGUE x 


ауз Те УЗ О ИЕ ‚ИЕ SUPPLIED READY BUILT AND TESTED. 


These modules now enjoy a world-wide reputation for quality, reliability and performance at а realistic price. Four 
models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supp! itegral heat sink, glass tibre P.C.B. and 
drive circuits to power a compatible Vu meter. All models are open and short ci proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor > 300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 + £3.50 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Зем Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + C4.00 P&P 


OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 60V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500ту, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 -- £5.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watis R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 + £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 


LOUDSF [УСО LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


McKenzie and Fane Loudspeakers are also available. 


EMINENCE:- INSTRUMENTS, P.A., DISCO, ET 


ALL EMINENCE UNITS 8 OHMS IMPEDANCE 

8" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P 
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 + &2.50 РАР 
10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P 
12" 400 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P 
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 + £3.50 P&P 
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P 
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 + £3.50 P&P 
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 P&P 
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P 


EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped i?) 4 8 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8" SOwatt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. ТО 7KHz SENS 9748. PRICE £8.90 + £2.00 P&P 
10" SOWATT ЕВ10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 9946. PRICE £13.65 + £2.50 P&P 
10" 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. 

12" 100WATT EB12-100 BASS, STUDIO, HI-Fl, EXCELLENT DISCO. 
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

5'4" GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. 

6*2" 60WATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. 

8" GOWATT EB8-60TC (TWIN СОМЕ) HI-FI, MILTI-ARRAY DISCO ETC. 
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 + £1.50 P&P 
10" 60WATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 £2.00 P&P 


RANSMITTER HOBBY KIT 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 
3W TRANSMITTER 30-108МНг, VARICAP CONTROLLED PROFESSIONAL 
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12У  0.5AMP. 
PRICE £14.85 ~ £1.00 P&P 
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 

VERY SENS FET МІС, RANGE 100- 300m 52 56) x omm, SUPPLY 9V BATTERY. 


PRICE £30.39 - £3.50 P&P 


PRICE £9.99 + £1.50 P&P 
PRICE £10.99 + 1.50 P&P 


PHOTO: 3W FM TRANSMITTER 


B.K. ELECTRONICS 


UNITS 1 & 5 COMET WAY, SOUTHEND-ON-SEA, 
ESSEX. SS2 6ТЕ. 
Tel: 0702 -527572 Fax.: 0702 -420243 





Please mention ELEKTOR ELECTRONICS when contacting advertisers 


ТАНСТ165 74AC109 78L05ACZ ZENER DIODES 440288ል2-10 
74HCT166 74AC138 78L12 5.0 WATT — |24, 32, 40 & SOMHz |44С256-8 


74НСТ173 74600 74АС139 0.65|78L12# 3.3V to 200V Price £3.40 ea. 511000-85 ў 
74НСТ174 0.52 | 74F02 74AC151 78,12ልር2 Price:42p each HM48416AP-15 460 
.35 | 74НСТ175 .52 | 74204 .28 | 74АС153 28115 8pin DIL | 
„41 |74НСТ181 2.48 74206 ‚74 |74АС157 0.65|78124 .28 | ZENER DIODES | Sealed Metal 
.38 |74НСТ182 М .65 | 78156 STUD MOUNT 


74Ғ07 .74 |74AC158 Package НҮ53С4641.5-80 3.95 
74HCT190 74F08 .28|74AC163 0.72|78М05 > 20 МАТТ HCMOS Output |нүв511000-85 8.45 


ICL 081-471 9338 ТІ.Х 929709 УІСОМ С РАХ 081-552 0946 51 |74НСТ191 74610 74АС169 28М05А 0.36 | 7.5У to 75V KM44C256AZ10 6.95 


74НСТ192 0.64] уде ,28 | 74АС174 78M12 .32 | Price: £4.94 ea. 13.2ጠጠ sq М5М4464Р-15 

DIGITAL INTEGRATED CIRCUIT SPECIALIST METRUM HE. ое гире OM XVI co Pe ის (метіне 
74HCT194 74614 . 74АС191 78M13A BRIDGE corners of 8pinDIL. MK4564N-15 

74НСТ195 74F20 020 |74АС240 0.86) 78М15 RECTIFIERS — | Freg.= MHz NMC3764N-15 

T .64 T4HCT221 74F27 028|74АС241 0.88| 78505 i 3.6864,4,8.10,12,16. |UPD41464C-12 

45138 4015BT 7415175 024 | 7415642-1 2.48 |74НС538 — 0.64 |74НСТ237 74፻30 ‚28 74AC244 0.88 78512 .48 | 0.9A/200VDIL 0,38 |20,24,32,40 8.50 — 'UPD41464C-15 

40008 0.12] 45148 401687 0. Я 7415181 ሽ 7415643 084 |/4HC534 0.60 |74НСТ238 7432 128 |74АС245 1.10178815 3.0A/200V SIL 0.57 |Price: 64.20 each |ህኮ0416ር-2 

4000ህ8 0.14] 45158 40178L 0. ‚66 | 7415182 1.58 | 7415643-1 2.46 |748С540 0.69|74НС7240 74፻37 74АС251 0.60]7905 6እ/100ሃ SIL 160]-- UPD416C-3 

4001A 0.12, 45168 40188ፐ- 0. 68 | 7415183 7418644 0.84 |74НС541 0.58] 74HCT241 74838 74AC253 0.60 7905A BA/200V SIL 1.96] TTL Output İUPD446D.1 

Во Е 40208+ O. 74(8189ል 74,5644-1 248 74HC563 0.59 |74НСТ242 ደይ 74АС258 7905FA 35A/100V Sqr 2.98! 14pin DIL Layout 

UB СЕ 02981. "an |7815190 7415645 086 |74НС564 74НСТ243 рен 74ልር273 7909 КВРС1002 164| Sealed Metal STATIC RAM 

40028 — 0.12 45198 4023BT 0. 7415191 74(8645-1 1.28 |74НС573 0.64 |74НСТ244 74664 74АС299 7912 KBPC3502 2.98 4pin Pkg 

4006B 0.30 45208 40248ፐ- 0. 7415192 7445646 762 |74НС57ЗА 74НСТ245 74874 74АС373 7912А У/005- 1А/50У — |Freq.- MHz 2114-31. 

400708 0.14 45218 060| 402587 0. 7415193 7415647 6.68 |74НС574 0.64 |74HCT251 74-85 74АС374 7912FA 0.32 1МН2 £8.90 ва. |62641Р-10 

40088. ози 45228 ფი 402797 0. 7416194 7415648: 668 | 74НС589 74HCT253 74FB6 041 |74АС377 0.84 7915 ‚30 | WO2G- 1.54 0.40 6264LP-12 

4009ለፎ 018| 45268 040| 40288T 2.45 | 7418194ል 0.44 | 7415649 668 |748С590 74HCT257 74F109 0,42 |74АС540 0.98 7918 .30 | 2VV02 0.40 |4,4.9152,6,8.9.8304, |62256LP-12 

40080В 0.22) 45278 402987 0.80 | 7418195А 0.42 | 7418651 6.30 |7480592 74HCT258 74F112 0,72 |74АС541 0.98|7924 2«88108/8ዚ. 0,66|10,12,15,16, 82256LP-10 

40108 022 42208 040| 40408T 240 | 7418196 042 | 7413652 694 |74НС593 74НСТ259 742113 112 74#C573 1.26|79012ል ?KBB2OR/SIL 0.70 | 18.432, 19.6008, |СПМб116АЕЗ 

40118 0.14 45298 0.44 | 404287 240 | 7418197 0.40 | 7415653 5.58 |74Н0595 74НСТ273 746114 74АС646 3.86|79112АСР 880C1500/80 0.35 20, 24, 25 8 ЗОМНЕ |Срмв117дЕЗ 

401108. 0.14, 22406 1 46| 404681 073 | 7415221 038 | 7415664 558 |74НС597 74HCT280 746125 74А0648 3.86|79М05 880C1500§IL 0.60 Price: £3.52 ва. |ҢМ1.6116-5 

4012AE 0.12] 45318- 088 | 404787 068 | 74.5224 24.50 | 7415668 063 |74HC620 74НСТг83 74Е126 79МО5А SKB6008/60A POA HM3-6116-5 

40128 — 0:14 45328 40498T 260 | 7415240 032 | 7415669 0.56 |74НС623 74HCT299 74F132 74C SERIES |79МОБРА CRYSTALS |30. 32. 32.768, HM6116LP-2 

40138 0117] 45348 40508ፐ 0.44 | 748249. 032 | 7415670 068 |74НС633 74001354 746138 79M12 33.33, 408 50МН2 |HM6116LP-3 

«0148 :0:221:4:368 40518ፐ 066 | 7415242 022 | 7415673 2646 |74Н0640 74HCT356 746139 74600 056|79М12А Hcag(HC18/U) |წM99: £4.45 ва.  ||IM6117L6.ვ 

40158 030] 45388 405281 2.05 | 7415243 0.32 | 7415674 1760 |74Н0643 74HCT365 746148 74602. 0.56|1М317Т Freq MHz ፦ > |HM62256LP-10 

4016B 45398 4053BT РОА | 7415244 0.32 | 7415682 74НС645 74НСТ366 746151 74008 0.56 LM317MP 1.843200 1.60 Programmable |HM6264ALP-12 

40178 45418 406087 POA | 7418245 0.32 | 745683 7ብዛር646 743161367 746153 74510. 0.56 LM317L2 2000000 166 Crystal HM6264ASP-20 

40188 45438 406687 7415247 0.34 | 7415684 74HC648 74НСТ36В 0.54! 746157 74014 0.56 LM338M 2457600 149| Oscillators |НМ6267Р-35 5. 

40198 45448 1.62| 4068BT 7415248 0 38 | 7445685 74HC651 0.99 |74НС7373 0.44) 748158 74620 0.98 LI#786V1C 3276800 086 HM628128LP-80 

4020AE 4547B 178) 4069UBT 7415249 068 | 7415686 74ዘር652 0.99 |74НСТ374 74F160 1.28174С30 0.98|UA79GU1C 3.579545 110| EXO-3C SERIES 18.55 

40208 0.30 45498 POA | 40708T 740500 0,12 | 745251 0.22 | 7415687 74НС658 74HCT377 74F160A 74032 0.68 | ВС4195М 3.686400 102| Әріп DIL Plastic |,IM66204L-+2 15.80 

40218 45518 1.36 | 407187 7ALSO! 0.12 | 74L8253 0.34 | 7415688 74НС659 74HCT390 746161 74042 098 DIODES 4000000 102 Package KM62256ALP-10 4.60) 

4022B 45538 182 | 40758T 741802 0.12 | 7415256 0.50 | 7415689 74НС664 #78061383 74Ғ162 1.28 |74048 1.98 4096000 110 |Fred.= MHz LH5164D-10L 

4023B 0.14 45548 4.62 | 4077BT 741504 012 | 745257 024 | 7415693 4.90 |74НС665 74HCT394 74F163 1.28 |74С73 1.15 | 1N2986RB 18.20 [4.194304 1.10 | 12. 14:31818, 16, |P2t14AL-2 

4023ህ8 45558 032 4078ВТ 741804: 0.12 | 7418257А 0.34 | 7415697 тансвто танта А 746164 таста 0468| iNa8B! 2.54 4.433619 — 110|16.384,19.6608 & |P2114AL-4 

4024ДЕ 45568 038 408187 741605 0.12 | 7418258 0.24 | 74LS716 740067 2.55|74НС7532 068] 746166 74076 145| 1N3997A 6.55 | 4,608000 1410 2 MHz PCD5101P 

4024B 45578 1,88  4093BT 74L806 0.39 | 74LS258A 0.32 | 7415718 74НС678 740015344 — 0.64 746468 7408. 152] имао 004 [4.915200 1.20 jP": £3.92 ва. — |UPD43256AGU10L 

40258 45588 168) 4094BT 0.76 | 74.507 0.39 | 7415259 0.48 | 7416724 74НС680 7АНСТ540 0.64! 748169 74680 1.25) 144002 004 15 000000/8.- 1.02 833 

40268 45608 1 16 | 450887 74L808 0.12 | 7415260 0.20 | 7418748 1.15 |74НС682 2.84 |74НСТ541 746174 740035 240| 144003 0.04 506880 1.40| 1601" DIL Plastle | рразг560-12 5.60 

40276 45618 1.34) 4510BT 741509 0.12 7415266 0.20 | 7418794 8.86 |”! C684 3.84 |74НСТ563 746175 74C95 1.60 144006 004 |5.242880 120 Раскаде UPD4364C-15 470 

40288 45628 296| 451161 741510 0121745273 0.32 | 7415795 234 |7410688 — 0.79 |74НСТ564 746181 74015” 6.10| 144007 5888200 1801 Programmable for 

40298 45668 160| 451287 0.52| 740511 0.12 | 7419275 6.10 | 746796 #74140680 749001573 0,64 746182 740151 4.18] 1N4148 6.000000 102| 57 DifiFrequency UVPROMS 

40308 25688 398, 451487 1.76] 741512 041217415279 0.25 | 7415797 74HC691 1.09|74НСТ574 064] 745189 74С154 268] 144149 .06 |6144000 102 

40318 45698 234| 4516BT 741513 0.16 | 7415280 0.86 | 7413848 320 |/4 C692 ТАНСТ583 1.26| 742190 2.92 |740157 2481 (ከ4150 .08 | 6.400000 1.64 | SPGB640AN 27С128-25 

40328 457208 030| 451887 74814 0.16 | 74152823 0.44 74HC693 1.16|74НСТ640 746191 74C164 1.52] 1M4446 6.552000 140 |0-005 to 600KH2 — |27664A-15 

40338 4573P РОА | 45208T 0.94 | 741515 0.12 | 7415290 0.24 7480696 74HCT643 746192 746165 1.23) 1ከ4728ል 6553600 — 121 27C256-15 

40348 45808 680) 452187 744520 0.14 | 7415292 18.35 |74нсоо 0137410697 1.06 |74НСТ645 748193 740221 1.54| 1አ4735ል 7.372800 0.78 | SPGBE40BN 27С256-25 

40258 45818 296) 452287 741521 0.14 | 7405293 024 |74нсо? 013 |748С698 1.06 74HCT646 74F194 74C240 2008] (N4736A 8.000000 1.00 |0:0083 to 1MHz D27256 5.40 

40368 45828 168| 45288T 0.70 | 741522 0.14 | 7415294 18.35 |уансоз ლევ)” 0699 1-06 74HCT648 746195 740244 208] 1ከ4740ል 8867230 1.34 HM27C101G-20 9.80 

40378 098 45838- 0.86| 453480 2.42 | 741524 0.33 | 7415295 058 |7ансод 01574164002 74HCT651 74Е219 740373 2008] 1ኣ4743ለ 9.830400 1.20 |5РО8640СМ HN27C1024HG10 

40388 0.60 45848 044 | 453887 74626 0.14 | 7415295А 0.64 |уансиоа 0.19 |7484015 072 |74НСТ652 746224 74034 2.08| 1ከ4744ል 10.00000 110 |0:06410 768882 1663 

40398 2.48 45858 0.38 | 45418T 744527 014 | 7415298 063 |74HCOS 014| 916 0.43 |74НСТ670 746240 746901 066] 1ከ4756ል 1069500 190 HN27C64FP-20T 3.40 

40408 4597СР 4.40 | 454387 7415298 0.14 | 7415299 118 |тансов — 017| 4 03017 0.30 |74НСТ673 74Ғ241 .62|74C902 0.86| 1አ52268 11 00000 1.10 |SPG8650BN HN27C64G-15 4.20 

40418 45988- 440| 4555ВТ 741530 0114 | 7415321 562 |z4HC10 919174104020 0.49 |74НСТ688 746244 74093 1.52) 1አ52328 1200000 0.92 [000083 to 100kHz 

40428 45998 3 42| 455687 0.84| 74.531 1.96 | 7415322 1.58 |74нсл1 0143 04022 0.38 |7АНСТ4002 74Е245 740906. 066] 1N5234B 1387500 240 HN462532P 

40438 47208 POA | 4585BT 74532 0.13 | 74LS322A 1.64 |тансла — 024| 04024 0.33 |74НСТ4015 0.76! 748251 746907 1.52] 1N5337B 14.00000 164 [Price £9.25 ва. |НМ48271280-25 4.55 

4720V ይዕል | 401068ፐ 0.42, 74533 0.13 | 7415229 1.64 lz4HC14A 0.28 |74104028 0.39 |74HCT4016 74Е251А 746908 — 2.80| 1N5349B 14.31818/5 0.85 HN482764G 

47238 POA | 40244BT 1.06] 741837 0.14 | 7413347 140 |уанс2о 0118 |74040 0.33|74НС74017 068] vagas 740911 14.42| 1ከ53528 14745605 1.10 АПАН |HY6264LP-10 

47248 POA 40373BT 1.82| 744598 0.13 | 7415348 1.18 |74ሥር21.- 0.19 |74104046 1.30 74HCT4020 74Ғ257 740912 8.30) 1N5357B 1474560 110 |i |27 16-1F1 

741540 0.13 | 7415252 ова 740627 _ 019| 74 04049 0.37 7414614024 748257ል 74094 1.16) 1N5365B 15.00000/8 1.10 М512732к 


4731УР 7.20 
4737ሆዮ 17 30 | МОНЫ 74.2 0.23 | 7418353 0.88 |74ңсз0 019 |741С4060 0.36 |74НСТ4040 0.70| 74F258 740915 274] 1N5366B 16.00000 1.02 [706 СЕ-0344 5.60 M§5L2764« 
DIL 


4000 SERIES 45128 К 741,5174 . 7415642 





4738VP 17 50 741544 1.62 | 749363 1.38 |z4HC32 019 2.104091 0.64174НСТ4046 2.10 74F259 74C922 4.35] 1አ53708- 0.48 | 16.00000/5  120|3\5А 15-16 27-50 | MBM27C64-20/21V 
Have 40547 042 SS የር 019 |74HC4052 0.74 |74НСТ4051 7ሇ260 740923 435] (ከ53808. 048 | 16 «32006. 110 PLS010 2340 AEN 
4752V031 71 | 7400 0.20| 744548 0.46 | 7415265 тансба — 0.19|/4 4053 0.68 |74НСТ4052 0.84 74F269 746825. 9.30| 145401 19.660801 120 МВМ27С128-30 4.20 
4753ሃኮ РОА| 7402 0.20 740549 0.62 | 74LS365A 790058 028 /4HC4053A 0.74 |TAHCT4053 0-84] 746273 740926 9.30) (M§402 0.11 |20.000005 160| „1 Watt DC/DC |мвм27С256-30 5.10 
475AVP POA| 7403 020| 74.551 0.12 | 7415266 танста 023 |74НС4060 0.32 |74НСТ4060 0.84] 742280 740929 _ 930| 1N6287A 2211840/5 — 168| 57 при «Output. NMIC27C256Q-25 
40085 094 7494 0251 74.554 0.12 | 74LS366A танста 0231... 06! 1-70 |74HCT4066 0.66 | 74593 1N825 24000008 182] Оё SIL by 4.95 
40097 048| 7405 0225 | 741555 7415367 74ዝር75 27) 04066 0.31 740CI4067 3.32) 742299 3 36 1М825А 27.64800/8 1.20 Newport ММС27С640-25 3.66 
40098 048| 7406 0.30 741573 0.17 | 74LS367A 748676 027 | AHC4066A 0.36 |74НСТ4075 0.36! 74323 4.48 74500 044] 1N827 1.40 [30.000005 699 | NMAD505=5V TMS2516JL-45 4.58 
40100 114) 7406A 0.33 | TALST3A 024 | 7405368 748677 — 034 |74НС4072 0.30 1740C74094 0.94 74350 1.50|74604: 044| 155252 02032000008 1.40 | M ADS0948V 
40101 076 7407 0.30 741574 7ALS368A 74ዘ085 0.32 |74НС4075 0.25 |74HCT4318 0.68] 748382 0.64 |74503 051| 5082-2800 0.66 |48.00000/5 168 | 0912s 12V 
40101 Qua|7407A 022|741674А 0.18 | 7405373 Dae 74HC4078 0.31 74HCTA35! 104|;4r353 114174804 ^ 0.42| 5082.2810 1.40 |o ; Senec NMAQ515215V 
40103 068| 7408 23 | 741575 745374 032 |744С107 02617494094 740014510 1.04 ?4ғ365 1 28 |74508 0,42| 5082-2835 0 44 Price:£7.90ea. 
40105 0.64| 7410 741576 0.22 | 7418375 74HC109 024 | 74864316 740014511 0.94 742366 1 30|74809 048| ላለ119. 060 HC33/U UPD27C256D-15 5.80 
40106 030] 7412 74LS76A 0.24 | 7415377 744112 74НС4351 74HCT4514 1-64] 742367 1.38 |74510 098|AA144 072 DC/DC Converters | UPD27C512D-15 6.94 
40106 0301 7413 74677 0.42 | 7418378 062 763 627| 746451 74HCT4515 1.68|удезев 1 30 74511. 048 AAZIS 0.58 | 0.204800 by Computer | ህሁ027ር640-25 495 
40108 POA) 7414 741578 7415379 74НС123 — 034 | 2H C4514 74HCT4516 1.08|;4F373 0.62 |74520 0.48 AAZ!7 0.58 0.307200 Products 
40109. до 7416 21583 7415381ለ 305 ДЕН 74НС4515 74HCT4520 0.90| 746374 062 |74532: 078) AAZ18 0.48 |1:000000 PM623 24.60 EEPROMS 
40109 090) 7417 7415025 746385. 222 (7480125 749064518 0.54 |74НСТ4538 1.02|74F378 — 15674640 0251 Bavio _ 008 |1-843200 РМб71 26.70 
40110 196 | 7420 240885 TALS386 046 |74128 032 | "164820 0.59 |74НСТ7007 0.26 74-38 368 |74551 BAVAS 4g |2.000000 РМ672 26.70| Атовсә56-15О0С 
40116 960| 7425 741586 0.20 | 7415290 7aHCi32 0.27 |72864538 0.74 |74НСТ7046 280] 748385 11.18 |74564 BAW62 0.06 | 2.097152 „71 |РМ903 44.00 
40117 166] 7426 .20 | 74,890 7415393 74HCi33 031 |78864543 74НСТ40102 1.64| 74F395 3.28 [74874 ВАХІ6 0.06 [2.457600 PM951 46.50 | АТ 2864-25 
40147 095| 7427 ,18| 74.991 050 | 7415295 038 |74ҢС137 740C7001 0.68|74HCT40103 1.48| 46399 0.98 [4588 .12| 88204 0.32 |2:500000 АТ28064-15 
40160 0.46 | 7430 .22| 74.592 0.32 | 7418395ለ 0.66 |74HC138 740C7002 0.68 |74НСТ40104 1.82 74412 502745112 1.08| 88212 248 |3:000000 КМ28С256-20 
40161 046 | 7432 .27 | 741593 74LS396 1.68 |74ңС139: 02174 07032 0.68 74HCT40105 1.40 746413 19.66 |745124 BB405B 0.22 ዘር49ህ41 METAL FILM — |KM28C256-15 
40162 046| 7437 .24| 741595 7415398 1.22 |74НС141 T oreen T| 742432 4.48 |745132 BB809 0.60 0.25W 1% КМ28С64-25 
40163 046 | 7438 74,596 7415399 062 |74НС147 C7074 1. SURFACE 74F521 1.20 [748133 BY179 0.42 | ვ 76800 E24 Series X2816AD 
40174 034 | 7440 .48 | 7415107 7418429 1.82 |74ዘር148 74НС7292 0. MOUNT 74524 7226 |748134 1.95! BY260-200 3.58 108 to 1M 3p each |X2816AP-25 
74НС7294 0.77 3.579545 
40175 0.36 | 7442 .38 | 74LS107A 74.8445 1.88 |74HC151 ብ 1461 2 74533 1.20 748138 0.88| BY261-200 3.98 |5 068600 ^25 |М.В. Min Qty. Order |X2864AP-35 
40181 7445 7415109 7415450 560 |74HC153 ШЕ 0 02 9:9 74HCOOM 746534 1.20 |748139 0.88} ВҮУ28-100 0.99 | 7 864320 Min. 5005 per value 
40192 7446 „84 | 7415109А 7418461 4.45 |74HC154 CIO) "84 |. HCO2M ,21| 74F537 — 160 748140 — 0.78] BYV32-50 1.60 | 5000000 pa - | MISC. MEMORIES 
40193 052 | 7447 „84 | 7415112 74LS461A 5.40 |74HC155 0. 40105 1.40 Қ СОЗМ 74Ғ538 1.60|745153 1.26| CV8805 060 | 49 00000 METAL FILM 


40194 7447А 7415112А 7415465 362 |?480157 | 74HCO4M 74፻539 1.60|745157 1,72 | DS16C 0.40 | 44 05920 PRECISION 6341-1J 4.58 
40195 7451 .25 | 7419113 0.20 | 7415467 3.82 |74ҢС158 танст SERIES JERN 74F540 1.78 [748163 260| MV1404 15.90 |, 00000 0.25 WATT 0.1% |AM2148-45DC 5.44 


40240 7454 74LS113A 0.26 | 7415468 3.82 |74НС160 0. тансовм 0221 |74Е541 1.76 748174 0 92] МУ209 1:20 |14 00000 696 80005 AM27S281PC 3.98 


1008 to 2558 )DT7130LA-100P 
Price: £0.94 each 10.43 
IDT7132LA-100P. 


40244 7470 7415114 7415469 562 |?4ҢС161 ТО 0.22 |ранслом 0.21] 74۴543 482|748175 1.35] OA200 — 010 
40245 136| 7472 7415114 7415469А 6.70 |74НС162 2 maak 022 74HC14M 74F544 4.92 748182 — 329| OA202 020 | 29.00000 
40257 7473 7415122 7415490 090 |танс163 0. НЕТ 055 74HC20M 24Е545 3.36 748189 — 2.14| ОА47 0.14 | 24 00000 ~ Е 
40373 1.10| 7474 7415123 741.5491А 5.98 |74ҢС184 38 ^ic 74HC30M 74Е547 6.04 |745195 2.40| OA90 0.14 HIGH PRECISION 
40374 110| 7475 7415125 7418502 260 |74HC165 0. ns 08 022 5, (32M 74F563 2.24 748240 1.00! PeKE36A 0.88 ома NON-INDUCTIVE |МВ8414Е 
4БОООР РОА | 7476 74,8125ል 7415540 0.93 |74НС166 0. ето 0.22 7 ፡4ር74ል 748564 2.24 748241 — 112 PEKEA7A 088 WIRE WOUND |МСМ4027АСЗ 
45026 340 | 7480 74.5126 7415641 076 |74HC173 0. ბეი) 92244 С75М 748573 1.60|745244 1,77| ВЕСБЗА 040 |8.000000. 225| 0.15 WATT 0.1% |М825126АМ 
45027 4 61 | 7483 7415126А 7415546 4.43 |zaMCi74 03217 мт 0.26 АНСВЕММ 748574 1.60|745257 1.22 ZPD2.7V 0.06 [8192000 202 N82S153N 
45028 345 | 7485 7415132 7415548 4.18 |74НС175 0. 7410720 0.26 | АНСВеМ 74F579 6.64 |745268 1.22 10.00000 2.25 | Temp.Coeff.-3ppm |М825181АМ 
45040 744 | 7486 7415133 7415549 4.18 |z4HCiBi — 1. ቁረን 9.26 |4нНС12ЗАМ 74604 5.08 748260 0.70| ZENER DIODES |11.00000 2.25 | 10R,50R.100R 250R, | ММС6504)-9 
45041 788| 7490 74.5136 7415568 1.62 |74НС182 0. Е 022 | 74HC125M 742620 3.98 745273 244 MISC. 12.28800 266 10K.100K NMC9306N 
45100 163| 7490А 7415137 7415569 1.14 |74НС190 “ቅን ና 0.22 74HC132M 74Ғ621 3.52|748274 242 15.00000 2.25 |Price: £3.85 each |Р51011-1 
45106 540| 7491 7418138 7415573 1.35 |v4HC191 0. 20732 0.22 74HC138M 0.34 74623 3.98|745280. 0.96| В2Ү93С7У5 266 |17.73447 280| - TBP18S030N 
45109 308] 7492 7415139 0.26 | 7415574 1.34 7410192 ስ. እይ ለ 0.46 | танстаом 0.34] 74۴646 5351745283 190] BZY93C15 266 |18.00000 250] HIGH PRECISION |ፐ6ኮ24810ክ 
45138 1.48 | 7492A 7415145 7418590 4.53 |74HC193 та 6.36 „,,(6154V/M 0.48| 74-646 5.15 [748374 2 18] BZY93C18R2.66 |20.00000 2.25 | МОМАМОМСТМЕ |ТВР245А10М 
45145 925| 7493 7405147 7405591 6.58 |74HC194 0. Hore 026|24HC157M 0,34 | 746676 10.60 |745398 2.10| 82Ү93С20 266 |21 00000 225| WIRE WOUND  |TCs501P 
45146 10.44 | 7493A 7445148 7405592 5.28 |74ዛ6195.- 032 10175 0.36 ім 042| 74۴821 3.98 [745412 2.10) BZY93C24V 2.66 |2400000 2.80| 0.33 WATT 0.1% |ፐር5504ለዮ-2 
45151 15.00| 7495A 7415151 0.24 | 7415598 6.25 |74НС221 0. Е 0.60 |74HC164M 0.46| 748823 3.98|745436 2682] BZY93C33R2.66 TC5516PL.15 
45152 1650 | 74104 .42| 7405153 0.24 | 7418595 3.76 |z4HC237 0. ელენ 0.36 |танстввм 0.57 74F825 3.98 |745437 262| BZTO3C120 0.40 | CRYSTALS MISC. | Temp.Coeft.3ppm |TC5517AP-2 
45156 13.50 | 74107 7415154 74.8597 4.64 |74НС238 0.50 |7 T93 0.58 „ა CI7ვM 044| 746827 3.98 |745472 2.32] В2Х61С9У2 0.09 1А,5А, ТОА „20А. 50А |IC5565ჩL-15 
45157 11.06 | 74110 74.9155 0.24 | 7415604 4.46 |74HC240 4HCT107 0.40 „I CI74M 0386 74Ғ828 4.48 |745734 262 | BZX61C24V 0.09 | HC43/T Price: £3.60 each —TMS4014JDL 


45158 11.94 | 74116 3.10 74LS156 0.24 | 7415605 4.46 |74HC241 740101109. 0.42 „გ C221”M. 0.65| 74F84! 4.48 ጠመን ZENER DIODES | 1.000000 699 
REGULATORS 


16.00000 





45159 18.90| 74118 7415157 7415606 4.46 |74HC242 НЕТ ቸም 74HC240WM 0.55 | 742843 4.30 400mWw MINI CYLINDER |1908.120Ң. 250R, 522242061 
454 2.10 | 74119 7415158 0. 74115610 9.95 |74HC24: .04 |"4HC244WM 0.55 | 74-845 4.30 24V to 75V БОО, 1К, 2K, 5K, CAPACITORS 

5406 0 C243 74ዘርፐ125 056 0.032768 0.88 ; T. 
45407 498| 74121 .48 | 7415160 0.32 | 7415611 11.94 |74HC244 74НС245АМ/ 0.61 | 7421242 2.41 Рисе: 6р еасһ ს we | 10K,20K SURFACE MOUNT 


74H R 78008AP 1.15 
45411 POA| 74123 74LS160A 0.36 | 7415612 6.68 |74НС245 67126 0.56 (зансо5ам 0.34 7421243 241 | 605 528 WATCH Price: £3.10 each 


74НСТ132 0.50 liilayer Ceramic 
45414 10.55 | 74125 7415161 7415620 1.38 |74НС251 ÜlzaHC259M 0.69 | 741244 2.12 ZENER DIODES | 0032768 0.82 Multilayer Ceramic 
45428 РОА| 74126 74L8161A 74(5621 1.76 |74НС253 740601197 055 | 74HC273WM 0.55 ላቀ 2082 500mW 63 VOLT 


45433 РОА | 74128 74.5162 74.5692 1.66 |74НС257 CDS Ron 74HC367WM 0.53 EA 15 2.4У10 200ሃ DYNAMIC RAM |Су 200 
45440 12.75 | 74132 74L8162A 7415622 1.28 |74HC258 танСт147 0 54 |748С37ЭМ/М 0.55 7808 028| Price: бр each L2xW1.25mm 
45441 POA| 74150 1.36 | 7418163 0.32 | 7413624 210 |74НС259 AHO 054 | 4HC374WM 0.55|74ACOO — 0.30 | gog 0:32 Spin DIL dictó 128 
45453 ኮዕል| 74151 74L5163#. 74L5625 74НС266 21001 059 746C390M 0.57 74АС02 049 „ყვე ევ ZENER DIODES | Plastic 69. [ме 120 ОРЕ ZPE Mok 47pF 
საე 74151A 0.62 | 7415164 74L5626 74HC273 ገገስ 6:44|74646393,6 053| 744604 049 7812A 032 1.3 МАТТ TIL Output — 4164.15 1.00; сіре პასის 
urtace ДАНЫ 148165 048 | 75627 233 |raHC279 034 74197 ода |TANCEAOWM 0.76 740000 049 әсте 032| 27902009 |а ріпа spaced at |41256 160 ; 
EE 74155 7418166 7415628 74HC280 aE Q44 7 4HCSATWM 0.76 | 74AC10 049 865. ც.2 | Price:10p each |comersof&pmDIL |i256.10 — 1.50 | Dt Е 10000, 
4001ВТ 0.25 | 74157 7415168 7408629 0.93 |74HC283 TAHCT 58 041 74HC579WM 1.09|74AC1! 0.49 7818 028 132563 1:20 | 220000 33000pF 
40028ፐ 0.25 | 74158 7415169 0.52 | 7415691 42.20 |744ር298 ЛЬ 0.56 |z4HCS74WM 0,84 | 74АС14 0.49 |7824 0:28 | ZENER DIODES (Freq, = MHz 445412. "a Ag. | ete ISP euch 
4011BT 0.25 | 74159 TALS170 — 0. 74LS640 74HC299 ое» 74HC688WM 0.84 |74АС20 0.49 76105 0.24 3.0 МАТТ 4, 4.9152, 8, 10, 41464-10 445 
4011ህ8፲0.25| 74160 7413173 0. 7415641 0.86 | 746323 74HC4017M 0.44|74AC32 049 | орд 028| 7.5V to 270ሃ 12, 16 & 20 4464-10 280 


у 74HCT163 
40128T 0.25 | 74161А 74,8173ል 74,8641-1 1.28 '74HC354 037 сты 0 52 | C4020M 044]74АС74 0.49 | 78, ე6ტCL60.40 | Price:40p each | Price: £2.98 ea 414256A.70 390 


4700L 10009 2200pf 





47000იL 100000рЕ 
Price: 18p each 
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MICROPROCESSOR 
& SUPPORT ICs 


100114DEC 7.40 
1001410C 9.80 
6321P 4.20 
63485CP32/sm 19.95 





63B03XP 19.07 
6502 2.94 
6502А 3.90 
6520P 440 
6522 4.40 
6522A 5.26 
6551 4.43 
6551ል 4.43 
65002ኮ2 584 
65CO2P3 6.98 
65C102P2 7.00 
65C22P2 4.80 
865C51E-1 3.80 
65C51E-2 4.38 
68000P-1012 POA 
$8000Р-16 РОА 
68000Р-8 4.95 
68008ዮ-8 РОА 
68010P-12 POA 
6802P 2.95 
6803AP 4.98 
6805ፎ3ር 918 
6810Р 4.35 
6821Р 1.52 
6840Р 2.20 
6844P 17.20 
6845P 4.86 
68455Р 5.40 
68A00P 7.02 
68A09P 7.62 
6BA21P 3.03 
68ል40ኮ 2.36 
684508 2.82 
68809 3.98 
688218 1.98 
68840Р 2.98 
8080А 4.96 
8085АН-2 5.98 
8086 3.40 
8086-2 3.90 





80C286-12/pga 48.50 
80С286-8/рісс 24.40 



























































































80C85A 4.95 
80C85A-2 5.94 
8118-5CH 7.60 
93C46A 4.67 
93C46N 4.40 
93L34DC 7.08 
AM25LS2568P 2.68 
AM25LS2569P 2 68 
АМ2602РС 2.30 
AM26LS31DC 2.30 
AM26LS31PC 1.26 
AM27S191ADC 10.20 
АМ275281РС 8.25 
АМ296480С 12.36 
АМ29650С 6.36 
АМ2966РС 3.98 
АМ298260С. 3.34 
#M6850L 9.82 
#M8238ჩC 5.60 
AM9050CDC 4.95 
АМ9050СРС 4.60 
АМ9102СРС 2.82 
AM91148DM 9.96 
AM9551PC 9.66 
AMS96LO2PC 3.35 
А\-5-8136 6.45 
AY-5-8136-006 6.45 
С1164/5М0 4.98 
C8231A 59.00 
C8253 3.60 
C480C858 5.98 
CD82C85 9.62 
CD82C86H-5 9.74 


С680С286-12 48.50 
CGB80C286-16 65.00 











СОМ8136 6.45 
СОМВ1С17 815 
CP82C54 6.42 
CRT-8004-001 9.65 
CS8205 8.92 
D3232 5.60 
D8086 5.48 
D8086-2 8.80 
D8202A POA 
D8254-2 6.42 
D8284A 3.90 
D8288 6.48 
D82C284-12 9.60 
D82C284-8 7.85 
D82C288-10 10.96 
D82C288-12 11.85 
082С288-8 9.36 
08748Н 9.95 
DM9601N 2.45 
DP8228N 6.36 
DP8238N 6.36 
DP8304BN 2.34 
DP8311N 6.54 
051221 6.44 
051231-20 4.44 
081232 3.26 
0534864 320 
DS34B7N 3.20 
DS34C86N 4.80 
DS34C87N 4.80 
DS3631N 3.33 
DS3632N 2.81 
DS3633N 3.33 
DS3634N 2.81 
DS3691N 4.96 
DS3862N 7.38 
DS5000-32-12 47.50 
DS8640N 1.20 
DS8820AN 2.95 
058832М 2.68 
ሀ58836ክ 244 
DS8837N 2.40 
DS8838N 2.40 
EF6803A-1P. 3.80 
EF6803P 3.80 
EF6821P 1.30 
ЕРБВВОЗР 318 
EF68B21P 1.44 
























EP610PC-35 POA 
HD1-0165-5 10.96 
Н0146818АР 4.20 
HD3-6402-9 6.16 
HD3-6440-9 8.89 
HD3-6495-9 8.89 
HD44883 9.52 
HD46505SP 9.85 
HD46802P 5.50 
HD6321P 4.20 
Н063485Р532 32.50 
HD63BO3XP 11.95 
HD68000-8 11.59 
HD6845SP 6.92 
HD68A52P 5.60 
HD68B21P 4.29 
НІЗ-7159-5 20.98 
НІ3-7159А-6 23.40 
HM10422 14.30 
ID82C86H 17.06 
IM6402AIPL 7.09 
IM6402IPL 3.73 
IM6403IPL POA 
IMS2600P-15 4.40 
INS8250N 7.80 
INS8250N-B 7.80 
М5М82С51АР 4.20 


MSM82C54P-6 5.40 
MAB8031AH12P 4.56 


MABB8035HL-6P 5.98 
MC10103P 1.98 
MCtOTTSL 321 
MC10115P. 1.98 


MC146805E2P 9.18 
MC68000P12/16 РОА 
MC68010P10/12 POA 


MC6802P 247 
МС6808Р 6.78 
МС6821Р 1.80 
MC6840P 5.05 
MC6844P 18.40 
MC6845P. 7.38 
MC6850P 3.35 
МС68705АЭР 25 35 
MC68A00P 7.02 
MC68A09P 7.62 
MC8314P 6.60 
МСМ6810Р 3.00 
MCM68A10P 5.35 
MM53200M 3.40 
MM58167BN 10.64 
MM58174AN 14.80 
ММ58274СМ 9.18 
MSM5832RS 3.39 


MSM8OC35RS 4.90 


MSMB0C39/SMD6.45 
MSMB0C85A 3.95 
М5М80С85А-2 5.98 
М5М80С86 7.60 
MSM81C55 4.60 
MSM82C51A 3.58 
М5М82С53-2 3.98 
MSMB2C53-5 3.58 
MSMB82C54-2 4.20 
М5М82С59А-2 3.98 
М5М82С84А 330 
MSMB2C84A-2 3.60 
MSMB2C88 12.60 


N80C286-10/p! 24.50 
М80С286-12/рі 29.54 


M80L286-8C2/იI36.20 
M8235M 3.68 
M8264M 3.68 
М825126АМ 3.25 
N828181F 10.04 
NS16450N 4.68 
М516550АҒМ 12.60 
M§C800M-1 10.80 
P8032AH 4.29 
PBOS1AH 11.20 
P8052AH/Basic 23.45 
P8080A 3.90 
P8085A-2 5.98 
P8085AH-2 5.98 
P8088 4.80 
P80C31BH 454 
PB80CBBAL-2 12.60 
የ8155ዛ/2 6.98 
P8185 18.10 
P8205 2.00 
P8212 240 
P8226 2.40 
P8251A 3.90 
P8253 2.80 
ዞ8255ል-5 3.80 
P8259 285 
P8259A 3.20 
P8274 9.98 
P8279-5 3.20 
P8282 2.64 
8286 3.60 
ი82C54 4.10 
P82C54-2 4.80 
PAL10LBCN 1.90 
PAL12H6CN 1.90 
PALIGR4BCN 2.17 
РА(20110СМ8 4.35 
РА(20Х8СМ5 3.32 
PALC16L8Q-25CQ 
6.10 
PALC20L8Z-45CQS 
547 
PALC22V10H-35QS 
8.34 
PCD8584P 8.28 
PCF8566P 8.28 
РСЕ8566Т 8.28 
PCF8570P. 7.86 
PCF8573P 6.72 
РСЕ8574Р 5.90 
РСЕ8574Т 5.90 
РСЕ8591Р 9.35 
Н6502АР 5.70 
86520ዮ 4.40 
86522 4.40 
Н6522АР 5.80 
Н65С02Р2 5.84 
865C0203 6.90 
965С02Р4 8.95 
R65C102P2 6.85 
R65C21P2 5.84 
R65C22P2 4.80 





Please mention ELEKTOR ELECTRONICS when contacting advertisers 


SABB80C32P 
SABB155-P 
SABB259AP 


5.95 
3.82 
3.59 


SAB82C54-2.P 412 
ЗАВ82С55А-2-Р 4.80 
SC80C451ccn6413.60| 
SCN2661bc1n28 3.35 
SCN2661ccn28 3.35 
PAL16RH4-15CN 2.98 





TL'!6C552FN 12.58 
TMP7002NL-2 4.97 
ТМР8085АР-2 5.98 
TMS3477NL 6.68 
TMS3700NSB 8.78 
TMS3702ANS 8.78 
TMS3835ANS 7.55 
TMS77COINL 10.74 
TMS9900NL 24 40 
TMS9901NL 14.16 
TMS9902ANL 15.94 
TMS9914ANL 23.10 
TMS9928BANL 7 40 
TMS9995JDL 89.85 
UAS636ACP 1.98 
UA9637A 1.98 
UA9638CP 1.98 
UAS639CP 1.98 
UM6845B 4.95 
0М9151 РОА 
UM9151-3 POA 
UPB8238 POA 
UPB8282C 4.96 
UPB8284AD 4.98 
UPB8286C 4.98 
UPD70108C-10 9.10 
UPO70108C-8 6.95 
UPD70116C-10 12.90 
UPD70116C-8 920 
UPD71055C 4.38 
UPD7201AC 11.68 
UPD7201C 6.80 
UPD765AC 542 
UPD765AC 5.42 
UPD780C-1 4.76 
UPDBOC39HC 8.42 
UPD8155HD 5.84 
UPD8251AFC 4.08 
UPD8253C-2 3.32 
UPD8253C-5 3.32 
UPD8286C POA 
UPD8741AD 12.52 
UPD8749HC 13.98 
V20-10MHz 9.10 
V20-BMHz 6.95 
№30-10МН2 12.90 
V30-8MHz 9.20 
V61C30P 7.80 
VCO106N6 8.60 
20800110Р5С 16.90 
20868112PSC 320 
Z180-MPU POA 
28001В-СР() 11.96 
Z8018008VSC 8.25 
Z80A-CPU 1.25 
Z80A-CTC 1.98 
280A-DART 315 
ZBOA-DMA 3.95 
280А-РІО 1.25 
280А-510/0 3.40 
2808-СРЏ 1.52 
2808-СТС 3.00 
Z80B-DART 5.80 
ZBOB-DMA POA 
ZBOB-PIO 2.20 
Z80B-SIO 4.50 
TELECOM & SPECIAI 
FUNCTION ICs 
62X0890-U18 370 
707W02020 5.25 
733W00124 5.25 
AMA1503GXB 4.68 
ВАА1505 1.80 
CLA25106/PLCC 5.95 
(А05001608 3.20 
KS-49258/PLCC 5.92 
MJ1454BB 7.65 
MK5175N 3.80 
OC-147-7 2.40 
PBD352303 4.35 
PP34C108 6.80 
Q4704 3.60 
QMV16BP5 7.98 
QMV18C 6.95 
QMV18CN1 7.85 
CMV18CVV1 7.85 
ОМУ25С 8.42 
QMV62AW1 6.90 
54534-АМ! 4.20 
54336931 2.95 
544050256 5.40 
SCM66115P 3.40 
SGS7P050 4.55 
SP1450B 5.76 
ULA1RBO29E1 6.80 
ULA20RKOQ8E 159.72 
XR-T5683 3.60 
ZNA2L029J.BS 3.80 
ZNPCM1J-8S 8.95 
0610 
ELECTRONICS 

4N25 0.60 

4M26 0.60 

4N33 0.40 

4N38 0.56 

6N139 1.60 

CNX36 0.38 

CNY17-3 0.64 

CNY21N POA 

0-08 0.40 

HCPL-2200 5.98 

HCPL-2231 5.98 

HCPL-2602 5.68 

HCPL-2630 3.68 

HCPL-2730 3.45 

HCPL-2731 3.20 

HCPL-4200 5.98 

ILD74 1.44 

по? 1.60 

1.074 2.25 

15074 2.25 


PLEASE PHONE/WRITE FOR ITEMS NOT LISTED 








TIL100 1.98 
ዚ111 0.60 
TIL113 0.60 
TIL117 0.85 
TIL119 1.20 
TIL311 9.65 
ТІР504А 1,58 
TLP521-4GB 420 
TORX173 4.96 
TOTXx173 4.96 
36308M/BB 3.40 
49620/88 РОА 
555-TIMER 0.20 
6341-1J POA 
741-ОРАМР 0.18 
ADOPO7CN 2.14 
AD520JN POA 
AD524 21.52 
AD534JH 18.24 
ADS37JH POA 
AD548JN 1.53 
ADS578JN POA 
AD5B1JH 6.96 


AD581KCSA/SMD7.85| 


AD585AQ 24.80 
А0592СМ 14.68 
AD594AD 10.56 
ል0585ልሀ 6.65 
AD648JN 340 
AD707JN 2.82 
AD711JN 2.34 
AD712JN 3.34 
AD7245JN POA 
AD741KN 3.69 
AD7523KN 6.80 
AD7537JN 27.11 
AD7537LN POA 
AD7542KN 11.98 
AD7543JCWE РОА 
AD7578KN 40.15 
AD844AN 8.75 
ADCOBO4LCN 4.25 
ADCO820CCN 22.40 
ADCOB34CCN 7.45 
#0C804LCVVM 12.10 
ADC84KG-10 12.66 
ADC908HP 16.42 
ADDACB80N 19.74 
ADG201AKN 4.86 
ADOPO7CN 1.60 
AHO0015CD 17.20 
AY-3-1270 3.60 
AY-8-1013 3.20 
AY-5-1013A 5.24 
AY-5-1250 POA 
AY-5-3600-PRO 9.96 
BA6109 1.68 
BA6208 1.40 
CA3046 051 
САЗ046(5М0) 0.89 
САЗ054 0.94 
САЗ059 120 
CA3078AT 242 
САЗ079 0.88 
CA3080E 0.70 
CA3081 0.98 
CA3089E 1.22 
CA3094AE 216 
CA3096AE 348 
CA3096CE 2.67 
САЗ097Е 2.60 
САЗ120Е РОА 
САЗ1308Т 19.20 
САЗ130Е 1.10 
CA3140AE 1.34 
CA3140E 0.60 
CA3146E 0.90 
ርል3160፪ 1.25 
САЗ240Е 1.94 
CA3240E1 2.16 
САЗ24Е 0.60 
САЗ260Е 1.68 
САЗ280АЕ 5.94 
САЗ280Е 3.42 
СА555СЕ 0.20 
CA741CE 018 
CS5503-KD POA 
CX7925B POA 
01690Ј РОА 
DACOB00LCN 4.10 
DACO832LCN 10.87 
DACOBCP 2.60 
ПАСОВЕР 3.64 
DAC1008LCN 10.73 
DACI222LCN 20.40 
DG201ABK 3.83 
06211 1.56 
DG508ACJ 5.95 
DG508CJ 3.28 
081488М 030 
DS14C88M/SMD 1.65 
DS14C88N 1.65 
DS14C89AN 1.65 
HA12017 1.44 
HA13426 11.96 
НА17723 1,10 
HD75189P POA 
HEF4754V 2220 
Hit-0201-5 3.60 
НІЯ -508А-5 11.21 
HI1-549-5 POA 
HI1-S74AKD-5 42.50 
HI3-0201-5 3.20 
HI3-0509A-5 738 
HI3-201-5 320 
HilL1 POA 
HS574-AK 18.20 
1CL7104-16CPL 26.08 
\CL7107CQH/PLCC 
5.20 
ICL7109CPL 9.85 
ICL7116CPL 5.25 
ICL7117CPL 5.25 
ICL7126CPL 5.35 
ICL7135CP! 8.32 
(CL7136CPL 6.55 
ICL7137CPL 6.98 
ICL7606CJN 12.24 
ICL7611DCPA 1.32 
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ICL7621DCPA 
1CL7622 
ICL7650CPD 
ICL7650SCPD 
ICL7652BCPD 
ICL7652CPD 
ICL7660CPA 
ICL7660SCPA 
ICL7662CPA 
ICL76638CJA 
ICL7663BCPA 
ICL7664CPA 
ICL7665ACPA 
ICL7673CPA 
ICL8052ACPD 
ICL8068AJD 
ICL8069CCSQ 
ICL8069DCSQ 
ICL8069DCZR 
ICL8211CPA 
ICL8212CPA 
ICM7170IPG 
ІСМ7207АІРО 
ICM7207IPD 6.80 
ICM7209IPA 3.75 
1СМ7211АМІРІ. 4.02 
ICM7211MIPL 4.02 


1.98 


6.80 


ICM7212AMIPL 3.20 
ICM7213IPD 4.58 
1СМ7216АМЛ 18.05 
ICM7217AIPI 7.20 
ICM7217BIJI 10.42 
ICM72171JI 10.42 
ІСМ7218АІЛ 6.85 
ICM7218AIPi 6.85 
ICM7218DIJl 6.85 
ICM7218EIJL 14.76 
ICM7224!0L 777 
ICM7226AIJL 26.12 
ICM7226BIPL 25.04 
1СМ724910М РОА 
ICM7555IBA 2.40 
1СМ755БІРА 0.64 
ICM7556IPD 1.30 
IM6403IPL 10.80 
1272 2.10 
1272М 2.10 
12935 3.90 
[297ል 469 
L4805CV 2.20 
L487 3.15 
14960 3.15 
17028 2.94 
1 А6250 РОА 
1А6358 РОА 
LA6510 POA 
LA6520 POA 
167132 2.30 
167522 РОА 
167555 РОА 
LD111ACJ POA 
LF13508D 18.20 
LF311H 10.80 
LF347N 4.10 
LF351N 0.60 
LF353N 0.42 
LF355N 0.70 
1፻356ክ 140 
LF357BN 4.98 
LF357M/SMD 498 
LF357N 1.05 
LF398N 2.75 
LFA11CN 075 
LF412CN 1.21 
LF441CN 0.75 
LF442CN 0.99 
LF444CN 2.40 
LH0002CN 10.80 
LHOO032CG 33.60 
LM101AH 5.65 
LMTOCN 9.24 
ман 6.74 
LM13600M 3.40 
LM13700M 2.32 
LM1391M 3.40 
LM139J 6.60 
LM1458N 0.45 
LM1496N 2.95 
LM1801N 782 
LM1881N 3.60 
LM1889N 7.40 
LM1894N 4.16 
LM218H 1575 
LM239N 3.90 
LM2901N 136 
LM2903N 0.85 
LM2904N 0.85 
LM2917N-14 6.10 
LM2917N-8 5.80 
LM2940CT15 2.73 
LM2940CT5 2.10 
LM2984CT 7.50 
LM301AN 0.36 
LM307N 0.84 
LM308N 1.10 
1М310М 2.98 
LM311M 0.30 
LM311N-14 215 
LM312H 8.95 
LM317AT 2.60 
LM317T 0.52 
LM317T-SGS 0.52 
LM318N 2.60 
LM319N 1.60 
LM320L7-12 0.34 
LM324AN 3.66 
LM324J 1.20 
LM324N 9.35 
LM325M 9.40 
LM3301M 2.60 
LM334Z 1.80 
LM335Z 216 
LM3362-2.5 1.28 
LM3362-5.0 1.20 
LM337L 1.15 
LM339AN 1.10 
LM339M 0.24 
LM340AT12 1.68 
LM340T-5 0.30 
LM340T12 0.30 
LM340T15 0.30 
LM34015 0.30 




























LM343H 8.80 
LM346N 3.96 
LM348DP 0.40 
LM348N 0.40 
LM350T 6.85 
LM351N 2.60 
LM3S8N 0.32 
LM359M 4.68 
LM360H 772 
LM361M/SMD 6.40 
LM363H-100 16.50 
LM369DN 3.82 
LM369DRC 3.70 
LM380M 1.20 
LM381AN 7.88 
LM3B5Z-1.2 2.20 
LM3852-2.5 2.20 
LM386M-1/SMD 1.65 
LM386N-1 1.40 
LM386M-3 1.80 
LM386M-4 2.60 
LM387AN 5.90 
LM388N-1 4.25 
LM389M 3.40 
LM3900M 1.60 
LM3909M 2.64 
LM3914M 440 
LM393N 0.30 
LM393P 0.30 
LM394CN 5.98 
1M39997 2.76 
LMS399H 7.85 
LM4250J 11.82 
LM555CN 0.28 
LM565CN 7.48 
1М710СН 2.80 
LM723CH 2.80 
LM723CN 9.70 
LM733CN 2.65 
LM741CJ-14 220 
LM741CN 0.45 
1М747СН 240 
LM747CM 0.90 
LM78GCP 2.40 
LM79GCP 2.40 
LM833M 2.82 
LS285AB 240 
182888 3.60 
157210 4.40 
LI1006CM8 2.72 
LT1010CT 4.58 
LT1028CNB 732 
LT1032CN 4.70 
LT1070CT 9.14 
LT1083CP 882 
LT1086CT 2.90 
LTC1052 7.97 
LTC485CN8 2.16 
(ТС490 4.40 
M5218AL POA 
М5220 РОА 
M5238L РОА 
М5298Р РОА 
М706В1 1.25 
MAX1232CNG POA 
МАХ1232СРА 3.57 
МАХ1259СРЕ РОА 
МАХ162АСМС РОА 
MAX232ACPE 4.84 
MAX232CPE 2.80 
MAX232EWE 3.80 
МАХ232М 2.80 
MAX280CPA 6.94 
МАХ452СРА 5:38 
MAX627CPA 2.98 
MAX660CPA 5.72 
МАХ6ЗОАСРА 6.58 
МАХ694СРА РОА 
MAX6S7CPE РОА 
MAX7219CNG 7.15 
MAX8211CPA 2.28 
МАХ9О1ВСРЕ POA 
MC1377P. 4.93 
MC1413P 0.74 
MC14411P 11.38 
MC14416L 17.60 
МС14495Р 4.82 
MC148406P 2.10 
МС1455Р 0.40 
MC1455P1 0.60 
MC1458P 0.32 
MC1488L 2.40 
МС1488Р 0,58 
MC1489A 0.80 
MC1489AL 225 
MC1489AN 0.80 
MC1489L 2.20 
MC1489P 0.46 
MC1496N 2.20 
MC1558L 3.32 
MC1648P 12.40 
МС1658Р 12.78 
МС1709СР! 1.20 
MC1723CP 1.20 
MC1741CP 0.45 
MC3242AP 7.54 
MC3301P 0.88 
MC3302P 0.60 
MC3340P 1.60 
MC3357P 3.20 
MC3403P 1.40 
MC3446AP 6.75 
MC3479P 7.92 
MC3523U 5.80 
MC4024P 12.78 
MCT2 0.84 
MCT61 1.18 
МЕТОССМ 8.95 
ML924 490 
MMS5309N 5.76 
MM53105N 4.98 
MM80C95M 1.44 
MP7570JD POA 
MUX24EQ 9.60 
MUX24FP 9.60 
МУ5000Р 3.05 
MV601DP 3.36 
MV8870DP 5.52 
МЕ5020М 10.84 
NES27N 3.7? 
NE532N 0.60 
NES36H 4.99 





NES530N 
МЕ5532АМ 
NE5532N 
NE5534AN 
NES555N 
NE556/5MD 
NE556N 
NE558N 
NES64N 
МЕ565М 
МЕ567М 
МЕ568М 
МЕ570М 
МЕ571№ 
МЕ589М 
NE592/SMD 
NE592N 
NES92N14 
МЕ602АМ 
NE602N 
NE604AN 
NE612AN 
NJM4556D 
МЈМ45565 
№/М45580Х 
МЈМ45585 
ОРО7СЈ 
ОРО7СМ 
ОРО7СР 
ОРОТЕР 
00116 
OP177FP 
OP27GP 
OP42FZ 
OP77GP 
ОРО?СМ 
РМ7548НР 
RC4136N 
RCA193N 
RC4194N 
RC4207GN 
RC4558 
RC4558P 
REFO1CP 
REFO1HP. 
REFO2CP 
REFOSGP 
НЕҒ252 
52560А 
БАА1027 
SAA1043P 
$ААЗ049Р 
ЗАА50250 
SAA6002A 
8455608 
SED2000FVA 
SFC2301ADC 
$ЕС27410С 
SG3524N 
SI7660CJ 
SL1452 
812364С 
5131178 
SL486DP 
SL490B 
SL560CDP 
516270С 
516700፡2ዞ 
SN5281CN 
SN55451BJG 
50С12 
SP1648DG 
SP4534 
SP4740DP 
SP8629DP 
SP8660DP 
TA7215P 
TA7256P 
ТА7368Р 
TA7658P 
ТА78005АР 
ТА8200АН 
ТА8410К 
ТА8449Р 
TAB659AN 
TAA861A 
TBA120S 
ТВА2408 
ТВА570 
ТВА820МТ 
ТВА920 
ፐ8ል990 
ТС9106ВР 
TCA335A 
TCA965 
ТСМ1520АР 
TCM1531P 
TCM1705AN 
TCM3105N 
TCM&087N 
TCM5089N 
TDA1083 
ТОА1085А 
TDA1085C 
TDA1151 
ፐሀል11705 
TDA1515A 
TDA1521A 
TDA1576 
TDA1578A 
Т0А2595 
TDA3048N 
TDA3505 
TDA3810 
TDA440 
ТОА4510 
ፐዐል4563 
ТОА4660 
TDA7010T 
106479052 
TDA8702 
TEA1045 
ፐፎል1060 
ТЕА5620 
ТІРС2801КУ 
TLO26CP 
TLOG2CN 
ТІ062СР 
TLO64CD 
Т1064СМ 
ፐ106410/8እ(5 
TLO71ACP 





2.07 
0.95 
14.04 
090 
РОА 
2.85 
1.92 
0:90 
2.60 
2.10 
2.98 
2.30 
230 
1.12 
РОА 
651 
798 
992 
765 
10.80 
340 
9.60 
6.78 
0.18 
4.60 
1.92 
6.75 
397 
РОА 
2.98 
251 
3.00 
3.30 
547 
РОА 
РОА 
0.20 
5.53 
РОА 
4.46 
3.44 
4.96 
7.20 
260 
РОА 
РОА 
РОА 
РОА 
280 
РОА 
РОА 
РОА 
060 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
1.98 
РОА 
РОА 
897 
2.40 


2.60 
2.96 
3.80 
1.10 
2.80 
4.98 
4.37 
2.95 
3.60 
3.32 
1.85 
РОА 
РОА 


3.38 
3.38 
РОА 
РОА 
2.52 
6.22 
РОА 
4.20 
РОА 
8.40 
1.84 
048 
0.48 
0.98 
04 
2.10 
1.64 




































































































ТІ071СР 0.48 |ULN2001AN 0.44 | 75452 0.28 | 2М4401 0.18 
TLOZZACP 1.84 |ULN2002A 0.44 | 754528 0.48 | 24403 0.18 
TLO72CN 050 |ULN2003AN 0.44 | 75453 0.64 | 2N4921 1.40 
TLO72CP 0.50 |ULN2004AN 1.40 754538 0.64 | 2М5401 0.13 
TLO74ACN 2.85 |ULN2024A 1.40 75454 0.64 | 2N5415 0.72 
TLO74CN 0.84 |ULN2O32A 1.40 | 754548 0.98 | 2N5449 0.88 
TLOBICP 034 |ULN2803AN 0.84 | 75462 0.98 | 245459 052 
TLOB2CP 036 | სM5100 РОА | 75463 1.10 | 235485 048 
TLOBACN 048 | სM5101 380 | 75468 3.60 | 2М5876 1.32 
TL27L2CD/SMD 1.40 |XR2211CP РОА | 75469 1.30 | 2N6034 0.72 
TL497ACN 3.14 |XTRTIOKP 9.95 | 75470 POA | 2N6037 0.72 
ТІБО?СР 4.03 |Y1112/0 4.60 75471 1.66 | 2М6050 3.12 
TL7702ACP 2.04 |2М1445 РОА | 75472 1.48 | 2M6051 349 
Т\7705АСР 204 |2М4142 104 | 76473 1.48 | 2N6054 2.20 
TL7705CP 2.04 |2М415Е 184 | 75474 2.25 | 2N6056 1.94 
TL7709ACP 204 | ZN423 220 | 75477 2.10 | 2N6057 2.24 
TL7770-SG 3.82 | 2M4256-8 446 | 75491 0.68 | 2M6058 2.68 
TL7B3CKC 3.06 |ZN426E-8 368 | 75ALS176 288 | 2N6109 0.78 
TLC2201CP 3.06 | 2М428Е-8 5.98 75415192 2.88 | 2М6125 2.88 
TLC2200CP 3.06 |ZN429E-8 2.32 | 75ALS193J 3.22 | 2N6388 0.98 
TLC2274CN 285 |2М449Е 476 | 75С1154 2.88 | 2N6517 0.34 
TLC251CP 2.54 75C1406 2.73 | 2М6519 0.34 
TLC2652CP 446 75C185 3.98 | 2N6668 1.40 
TLC2654CP 4229 | 75107 102 | 750188 1.20 | 2М696 028 
TLC271CP 0.84 |75107А 102 | 75С189А 1.32 | 2М706А 0.48 
TLC2720P 1:30 | 75108 1.60 | 756018940 1.32 | 2541015 0.10 
TLC274CN 240 | 75108# 184 | 75LBC176 2.60 | 28ል1048/6 0.14 
TLC339CN 1.45 | 751088 2.08 28ል1048ኘ 0.14 
TLC372CP 1.40 | 75109А 2.46 твамѕіѕтовѕ | 2SA1096R 0.74 
ኺር5510ኮ 368 |?5110ል 1.36 I ሸሽ 2561100 052 
TLOSSSCP 065 |75113 3.02 6 TRIACS 28ል1102 210 
TLC556CN 144 | 75114 3.04 2541104 2.10 
TLC7524CN 6486 | 75115 1.60 | 2№2219А 028 | 2541111 1.18 
ТЕЕ?061СР 220 | 75116 3.30 | 242222 0.28 | 2541115 080 
TLE2062CP 340 | 75121 260 | 2М222024 0.20 | 261145 0.80 
TLE2064CN 345 |75122 РОА | 2№2369 0.24 | 25ል1263ኣ 1.70 
ТЕЕ?161СР 242 |75136 5.10 | 2М2369А 0.20 | 2SA1264N 280 
TMS3477NL 5.96 | 75198 440 | 22484 0.32 | 25A1265N 278 
TPIC2406NE 714 |75140 265 | 2М2894 0.78 | 2543283 024 
TPIC2802KV 8.40 | 75150 160 | 2N2905 0-29 | 25ል1295 276 
TPIC6259N 328 | 75150М 2.65 | 2N2905A 0:32 | 2541302 3.74 
TPIC6273N 328 | 75152 6.36 | 22907 0.27 | 25А1399 0.78 
TPIC6595N — 328 |75154 175 | 2М2907А 0:30 | 3541482 078 
18С426СРА РОА | 75154M 1.75 | 2№2923 0:30 | 2541515 0.78 
TSCSO0CPE РОА | 75155 120 | 2№2243 0.78 | 25А1516 372 
TSC7106CPL 681 |75157 4.40 | 2М3053 0.32 | 254156 140 
TSC7116CPL 5.25 | 75159 5.45 | 2M3055 076 | 254235 1.60 
TSC7126CPL 5.35 | 75160А 595 | 23441 1.20 | 254485 180 
TSC7660CPA 1.40 | 75161А 647 | 2N3553 0.98 | 234545 078 
040968 492 | 75162ል 7.59 | 2M3684 1.68 

ህ20668 264 | 751726 3.68 | 2N3702 0.10 ІС SOCKETS 
924008 5.50 | 75173 3.68 | 2М3704 0.10 OW PROFILE 
U664B 395 |76174 3.20 |2N3706 0.10 

UA2240PC 140 | 75174NG 3.68 | 2М3725 0.78 | №. Pin Gold Tin Gold 
UATO9CP 085 |75175 260 |2N3789 2.16 |of spacTum sidr sidr 
ህል708ዞር 0.85 | 75176А 160 | 2М3819 0.38 | Pins-ing Pin Тай Tail 
ህል718ዛር 450 | 751768 2.28 | 23866 1.20 | 6 03 186 6p 18р 
UAT23CP 070 | 75176ВТ 498 | 2ከ3904 0.101 8 03 180 6р 189 
UA733CJ 298 | 75177 260 | 2М3905 0.10 | 14 03 31р 8p 319 
ОА741МР 0.60 | 75178 260 | 2M3906 0.10 | 16 0.3 33р 10р 33р 
ህል741ፐር 028 | 75182 2.60 | 253958 2.12 | 18 03 Зэр 119 39p 
UA748CP 0.36 | 75183 2.60 | 2М4037 0.48 | 20 03 45р 12р 45р 
ህል748ፐር 0.52 | 75188 940 | 2M405 2.30 | 22 03 бар 14р 
UA77000UIC РОА | 75189 0.85 | 2М4062 0.32 | 24 03 54р 149 
ህል798ፐር 380 | ?5189ል 085 | 2M4091 0.78 | 24 06 54р 146 
UCNS5800A 2.40 | 75361 284 | 2М4123 0.10 | 28 0.6 600160 
UCNS801A 2.60 | 75365 272 | 2М4124 020 | 32 06 65р 229 
UDN2981A 2.00 | 75437ል 3.26 | 2ከ4125 0.18 | 40 0.6 700 22р 
UDN2982A 2.00 | 754508 9.64 234126 0.32 | 48 06 85р 
UDN61184 165 | 75451 0.28 | 2ከ4221ል 2.96 | 64 0.75 2600 
UGN3501M РОА | 754518 0.48 2N4236 372 | 64 09 260p 


MOTHER BOARDS 


Processor Виз Chip BIOS Cache Expend Expension BoardSize Рігсе 
Intel Set RAM Memory Slots in mm £ p 

80486DX2-66 ISA SIS АМ! 256K 32MB 6x16bit, 1 x8bit 245х220 499.00 
80486CX2-66 ISA АМ АМ! 256K 32MB Sx16bit, 2x8bit 220 x 220 490.00 
80486DX-50 ISA SIS AMI 256K 32M8 6x16bit, 1 xBbit 245 x 220 45000 
80486DX-50 ISA ALI АМ! 256K 32М8 5х1 6bit 2x8bit 220х220 44400 
80486DX-33 ISA SIS АМ; 256K 32MB 6x1 6bit, 1 xBbit 245x220 34900 
80486DX-33 ISA ልህ АМ! 256K 32MB 5x16bit,2xBbit 220х220 32500 
804865Х-25 ISA SIS AMI 128K 32MB 6x16bit, 1x8bit 245x220 220.00 
803860Х-40 ISA SIS AMI 64K 16MB 6x16bit, 1xBbit 220x220 128.00 
803865Х-33 ISA SIS AMI OK 16MB 6x16bit, 1x8bit 220 x 220 79.00 
80486DX2-66 УЕЗА SIS АМ! 256K 32М8 TX36(AT)2x32(VESA) 260x220 510.00 
80486DX-50 VESASIS AMI 256K 32MB 7х16(АТ),2х32(УЕ5А) 260x220 470.00 
80486DX-33 VESASIS AMI 256K 32МВ 7х16(АТ}.2х32(МЕЗА) 260x220 349.00 


ልዘ Mother Boards аге supplied with Zero К bytes of RAM. Add £28 рег MegaByte of RAM. 
CONNER HARD DISK DRIVES 


MICROPROCESSORS 





CP-30104E 120MB 18566 3.5" LP — £189.00 80286-16МН2 INTEL £65.00 

CP-30174E 170MB 19тѕес3.5"0Р £219.00  80386DX-40MHz АМО £75.00 

СР-30344 343MB 13msec 3.5" LP £575.00  BO4869X-25MHz INTEL £125.00 
80486DX-33MHz INTEL £275.00 

QUANTUM HARD DISK DRIVE 80486DX-50MHz INTEL £375.00 

ELS-170 170MB 17тѕес3.50Р ^ £170.00  80486DX2-66MHz INTEL £350.00 

FLOPPY DISK DRIVES 

TEAC FD-235HF 1.44MB 3.5" £35.00 CO-PROCESSORS 

TEAC FD-55GFR 1.2МВ 5.25" £39.00 80287-8 INTEL £40.00 

TEAC FD-505 3.5" 5.25" 599.00 80287-10 INTEL £48.00 

MITSUMI 035913 1.44MB 3.5" £35.00 80287-ХІ. INTEL £65.00 

MITSUMI — D509V3 1.2MB 5.25" £32.00  80387DX-33MHz INTEL 465.00 

MITSUBISHI MF355C/258MG 1.44MB 3.5" £29.00 

MITSUBISHI МЕ504С/318МР 1 28/6 5.25" (3500 MEMORIES 

CANON  MD550t-V6 — 3,5525" 09900 SIMM 1Mx9x9CHIP70ns — £28.00 
SIMM 1Mx9x3 CHIP70ns — £29.00 

FLOPPY DISKS SIMM 4Mx9x9 CHIP70ns 8107.00 

MANUF.  35'/144MB 5.25°/1.2MB SIMM 4Mx9x3 CHIP7Ons £107.00 

ток 610.65 6745 SIMM 256Kx9 CHIP BOns $10.00 

SONY £10.10 ዩ 7.65 

FUJI £10.10 £7.65 SOFTWARE 

MITSUBISHI 10.70 £7.00 MICROSOFT ORIGINAL 

UNBRANDED £ 6.50 £4.50 MS 0055 £40.00 

Price per Box of 10 Disks MS DOS 5/WINDOWS 3.1 £82.00 


GRAPHIC CARDS 


MSDOS6 


TRIDENT TVGA 8900 Trident 1MB SVGA £41.00 
TRIDENT ТУСА 8900CL Мем Trident 1MB SVGA £44.00 
CIRRUS LOGIC ХХХХ 1MB SVGA £52.00 
TSENG LAB ЕТ-4000 1MB SVGA £60.00 
METHEUS Premier 1280 NI. New Premier S3 £299.00 
METHEUS Premier 1M TSENG LABS ET4000 £240.00 


KEYBOARD & MICE 


MITSUMI KPQ-E99YC 102 UK KeyBoard, Regular Size £20.00 
MITSUMI КРО-ЕУЗАС 102 UK KeyBoard. Space Saver £20.00 
BTC 7849R 102 UK KeyBoard, Regular Size £24.00 
MSI SYSTEM MOUSE 3 Button Serial £10.00 
/О CARDS 

O 2S/1P/1G with cables £10.00 
IDE 2HD/2FD with cables £10.00 
IDE 2HD/2FD/2S/1P/1G/512kB with cables £15.00 
IDE99/512k CACHE Controller, 2MB RAM, Мах 8.5MB £89.00 


IDE99/2.5MB CACHE Controller, 2.5МВ RAM, Мах 8.5MB £125.00 


РОА. 





IMPORTANT 
All prices quoted are 
Excluding V.A.T. 


Postage & Packlng 
Charge of £3.00 |6 
applicable to all goods 
under the heading of 
"Personal Computer 
Hardware & Software'. 


Postage & Packing will 
be charged at cost for 
ail destinations outside 
the United Kingdom. 





PLEASE SEE PREVIOUS ISSUES FOR OTHER ITEMS & FEB/MAR 1992 ISSUES FOR LEDs,DISPLAYS & RELAYS 


PLEASE ADD 95p P & P and then 17.5% VAT. OFFICIAL ORDERS from Govt. & Educational Establish- 
ments are accepted. VAT at 17.5% is chrageable to all orders received from EC Member Countries unless 
VAT Number is quoted. OVERSEAS orders, postage AIR/SURFACE will be charged at cost. VAT is not 
applicable for EXPORT orders from Non-EC Member Countries. Stock items by return of post. 
М.В. All prices are subject to change without notice & stock availability. 


Retail Shop: 139, New City Road, Plaistow, London E13 9PX 























Аһ МЕТЕК 


WITH DIGITAL 


DISPLAY 


Design by K. Bachun 


Knowing the current drawn (by a bat- 
tery) or generated (by a solar cell) over 
a period of time is a requirement in 
many applications that can be met 
with the meter described in this 


article. 


” | *he product of current and time is a mea- 

sure of the electric charge that has 
been transported in a circuit. It is usually 
measured in ampere hours (Ah - 3600 
coulomb). It must not be confused with power, 
which is a product of current and voltage. 
An instrument that measures ampere 
hours is of interest, for example, in as- 
sessing the effectiveness of a solar bat- 
tery. Normally, itis not accurately known 
how much charge the solar cells generate 
nor how much the load connected to the 
battery needs. The present meter can be- 
come a permanent part of such a setup or 
beused in the design stage to measure both 
quantities. It indicates these on a three- 
digit LED display. 


Principle of measurement 


The principle of operation is shown in the 
block diagram of Fig. 1. Alow value resistor 
has been introduced in the circuit be- 
tween the solar cell and battery charged 
by this cell. The potential drop (pd) across 
this resistor caused by the charging cur- 


BATTERY | 


II 
$4 














— 





rent (from the solar cell) or the discharge 
current (through the load) is evaluated by 
the Ah meter. 

The pd is applied to two differential am- 
plifiers, whose output voltages would be 
equal but 180° out of phase (that is, inverted 
with respect to one another), if the input 
were not a simple supply voltage. Thus, the 
adder amplifies only one voltage: the other 
(which, with asymmetrical supply, would 
be negative) is nil. The output of the non- 
reactive adder is, therefore, a voltage that 
is proportional to the current and which 
is used to drive a voltage-controlled os- 
cillator (VCO – also called voltage-to-fre- 
quency converter). 

The VCO generates rectangular pulses 
whose frequency is proportional to the 
current. The pulses are divided andcounted, 
and then used to drive an LED display. 

Since the polarity of the drop across the 
shunt resistor shows whether the pd is 
caused by a charging current or a dis- 
charge current. the output of a differen- 
tial amplifier also shows the direction of 
the current. The output can thus be used 


Preset 
Reset 


On/off 


LED- 
Display 


Direction of counting 











Fig. 1. Block diagram of the Ah meter. 
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10 indicate the direction of counting. When 
energy is drawn from the battery, the 
counter counts downward; when the bat- 
tery is being charged by the solar cell, it 
counts upward. 

The meter does not in any way control 
or affect the charging current; this can be 
done only by a special solar charging reg- 
ulator. 

The display does not show the state of 
charge of the battery to the nearest mil- 
lampere second, since self dicharge and 
temperature dependence of the battery 
are not taken into account. 


The circuit 


The battery, solar cell and load are con- 
nected tothe circuit in Fig. 3 by heavy duty 
connectors. The shunt resistor between bat- 
tery and cell is formed by two parallel 
power resistors, Ryg-R54. If the maximum 
valueofthe current is assumed tobe 10A, 
the drop across the shunt resistor is 0.5 V. 
If the value of the shunt resistor were 
higher, the drop would be unacceptably 


4151/4152 


Switched 
Current 
Source 


Switched 
Current 
Source 
Output 


Voltage 
Reference 


Switched 
Reterence 
Output 


Comparator 
Inputs 


Open Collector | 3 
Output (3 | 


Precision 
One Shot 


930068 -13 


Fig. 2. Circuit of the RC4151 (ICs). 
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Fig. 3. Circuit diagram of the Ah meter. 
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Fig. 4. Printed-circuit board for the Ah meter. 
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Fig. 5. Front panel foil for the Ah meter (see page 70). 
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high. 

Potential dividers R49-R50 and ፻ር51-55 
reduce the common-mode voltage by about 
a fifth, so that the unregulated supply 
voltage which the meter draws from the 
battery or solar cellis always a little higher 
than the input voltage at one ofthe differen- 
tial amplifiers. If the supply voltage is 
regulated, it is imperative that the differ- 
ential input voltage, which in the present 
design is only four fifths ofthe drop across 
Ryg-R54, that is, not more than 400 mV, 
cannot exceed the common-mode range 
of the opamps. 

The accuracy of the measurement is 
not affected by the variable supply volt- 
age, as long as this lies within the usual 
range of 10-14 V. Bythe way, the Ah meter 
cannot be used with 24 V cells and bat- 
teries. 

Capacitor Cg smooths the charging and 
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supply voltages so that voltage peaks can- 
not cause spurious measurements. 
Capacitors Cg and C; short out any short 
spurious pulses at the inputs of the op- 
erational amplifiers. 

The design ofthe differential amplifiers 
is traditional. Their amplification is about 
x20, which gives a peak output voltage of 
around 8 V. The value of the resistors at 
the non-inverting inputs corresponds to 
that ofthe resistors at theinverting inputs. 
The common-mode rejection ofa differential 
amplifier relies on the equality of these 
resistors. To avoid the necessity of costly 
close-tolerance resistors, the amplification 
factors can be adjusted with P} and Ро. 
This also serves another function. It is 
well known that a battery must be charged 
with 4096 more energy than can be drawn 
from it. If, for instance, it has been charged 
with a quantity of electricity of 1 Ah, only 
715mAh can be drawn from it. This means 
that the amplification of ICg, must be 1.4 
times as large as that of ICgp. 

As explained earlier, the polarity ofthe 
drop across the shunt resistor causes ICg4 
to amplify when the battery is being dis- 
charged, and ICgp when the battery is 
being charged. Theoutput ofthe non-am- 
plifying opamp is ОУ. Since both outputs 
are connected to the high-impedance, 
non-inverting (+) input of ICgc, potential 
divider R45-R43 functions as if it were con- 
nected to ground. This means that the 
amplification of Сос is x2. 

The output of ICgp is also applied to 
Schmitt trigger ICgg. As soon as the out- 
put of ІСор reaches a certain level, ICgq 
changes state (goes high). The output of 
ICgq determines the direction of counting 
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Fig. 6. Completed prototype without enclosure. 


of ICg-IC4. 

Reverting to the output of ICg¢, this 
voltage, which is directly proportional to 
the charging/discharge current, is ap- 
plied to voltage-controlled oscillator (VCO) 
ICg—see Fig. 2. The output of the comparator 
in this circuit drives a monostable multi- 
vibrator (MMV), which in its turn controls 
the switched current source, the switched 
voltage reference and the open-collector 
logic output transistor. When the voltage 
at pin 7 of ICg exceeds that at pin 6, the 
comparator changes state and triggers 
the MMV. This stage then enables the cur- 
rent source, the voltage reference and the 
output transistor. It operates basically in 
the same way as the well-known Type 555 
timer, in that it charges a capacitor (Сз), 
which is connected to U+ via R45. The ca- 
pacitor voltage is monitored at pin 5; as 
soon as this reaches 67% ofthe supply volt- 
age, the mono time is terminated, upon 
which the capacitor is discharged imme- 
diately via a transistor. 

During the mono time, the current 
Source provides a current at pin 1 that is 
directly proportional to the reference volt- 
age and externalresistor R47. The switched 
voltage reference provides a potential of 1.9 V 
at pin 2, which is equal to fixed internal 
reference voltage. The open-collector tran- 
sistor connects the output (pin 3) to ground. 
In other words, during the mono times, the 
switched voltage reference generates a 
positive voltage pulse; the current source 
generates a current pulse that is well de- 
fined in duration and amplitude; and the 
output transistor has transmitted a logic 
pulse that is compatible with most logic 
cards. All these signals are directly pro- 
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portional to the level of the input voltage. 
When the mono time elapses, these three 
functions are disabled. 

Circuit ICg operates here in а standard 
application. The output of ICg¢ is applied 
to the non-inverting input of the com- 
parator (pin 7) via a low-pass filter, Rsg-C4. 
The MMV operates as an oscillator since 
itis continuously triggered by the common- 
mode input voltage. The current source pro- 
vides a current of Ut / R47 = 40 LA fora time 
1.1.В45-Сз = 3.63 ms into integrating net- 
work R48-Cs. Critical is the feedback of 
theintegratortothe invertinginput ofthe 
comparator (pin 6), which raises the pulse 
repetition rate until the average potential 
across the integrator is equal to the com- 
mon-mode voltage at pin 7. The average 
voltage at pin 6 is directly proportional to 
the output frequency (and that at the open- 
collector output) since the quantity of 
charge in each current pulseis accurately 
controlled. In other words, the output fre- 
quency is directly proportional to the input 
voltage. 

The external components determine 
the design parameters. The time constant 
of the output signal is the product of the 
mono time, the amplitude ofthe output cur- 
rent at pin 1, and the reciprocal of the 
current through the integrating resistor. 
From this, the formula for the output fre- 


quency, fo is 
Jo = (Uret / Raz · Rag / Un ‘1.1: R45 ۰C3)". 


With component values as specified, this 
yields an output frequency of 212 Hz. This 
will be reverted to later on. 

If any component values are altered, it 
should be noted that the value of R47 must 
be between 12 КО and 20 КО. Also, because 
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of the offset of the operational amplifier, 
it is not possible to obtain an input volt- 
age of exactly O V. It does not pay to com- 
pensate the offset, because ICgin its stan- 
dard configuration operates correctly only 
from 10 mV onward in any case. The con- 
sequent error of 2 Hz (equivalent to «196 
of full-scale deflection) is negligible com- 
pared with, for instance, that caused by 
the self discharge of the battery. 

Theoutput ofthe voltage-to-frequency 
converter is applied to divider IC, via switch 
54. Divided by 213, it is output at pin 13 
and applied to cascaded CARRY OUT / CARRY 
IN binary-coded decimal (BCD) counters 
IC2-1C,. Pressing 51 sets the counters (and 
the divider) to О. Note that Коз, R55, and 
Со serve no useful function in normal op- 
eration. 

The counting direction inputs of ICo-IC4 
are driven by ІСод. Note that the preset in- 
puts are not used. The outputs of the 
counters are fed to BCD-to-7-segment de- 
coders ІС5-1С7. The decoders control the 
7-segment LED displays LD|-LD3. 

During normal operation, the displays 
аге not on, since the Bl(anking) inputs of 
the decoders are at ground potential via 
52. It is advisable to use a spring-loaded 
switch here, so that the display cannot be 
left on inadvertently. Note that the right- 
hand decimal point is always on, how- 
ever, to show that the meter is function- 
ing. 

To ensure that the display increases from 
00-0 to 10-0 when a constant current of 
10 Ahas flown for 1 hour, the counters need 
100 pulses per hour or 100/3600 pulses 
per second. This means that the VCO must 
generate a signal at a frequency of 
100/3600-213 = 227.56 Hz. Working back, 
this means that the VCO needs an input 





























of 8.58 V. Since the differential input volt- 
age is fairly accurately 410 mV when а cur- 
rent of 10 A flows through the shunt re- 
sistor, the differential amplifier must have 
an amplification of 8.58 / 0.41 = 20.9. 

Owing to component tolerances and 
other imponderables, the potentiometers 
should be preset empirically. This is done 
by connecting the positive output of an ac- 
curate 500 mV source to the ‘+ battery’ ter- 
minal, and the negative output to the ‘+ 
cell’ terminal. Turn Ро until a frequency 
counter at the output of (pin З) of ICg shows 
228 Hz. Then reverse the connections of 
the voltage source and adjust P until the 
display reads 1/ 1.4 - 228 = 163 Hz. 

The display is checked by switching 
into circuit (with S3) components Коз, R55, 
апа Со. This actuates an RC oscillator in 
ІСІ. If everything is all right, the display 
willfairly quickly give a high reading. This 
position of Sg is also for presetting a given 
counter state when, for instance, the Ah 
meter is connected to a fully charged bat- 


tery. 


Construction 


The printed-circuit board in Fig. 4 can, if 
desired, be cut into two to enable the dis- 
plays to be mounted at an angle behind 
the front panel. Otherwise, fit them in IC 
sockets so that they protrude above the other 
components. The 23-way terminal strips, 
К! and Ко, must be used in both cases. 
Use car-type insulated spade termi- 
nals (male and female) for ‘battery’, ‘cell’ 
and ‘load’. If, however, the meter is given 
its own enclosure, use the 10 A chassis- 
mounted banana sockets specified in the 
parts list. END 
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DATA ACQUISITION WITH THE PC 
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LOW COST: HANDYPROBE 


of the PC and start the software. Measuring can be 
carried out at once. The HANDYPROBE does not need 
an external power supply. Some technical parameters: 
0.5-400 V software T 

select input range; : 
one input channel; 

8 bits resolution 
(overall accuracy 2%); 
A complete software 
program consisting of 
a digital 

storage oscilloscope, 
spectrum analyzer, 
voltmeter and a 
transient recorder 

is provided. 

The HANDYPROBE is 
eminently suitable for 
servicing and 
educational purposes. 











MULTIFUNCTIONAL: ТР5008 


The TP5008 is an interface card 
that provides an analogue 
output in addition to two input 
channels. This output in 
combination with the two 
inputs may be used for the 
setting up of a complete 
control loop. The output __ 
may also be used аза ^ 
function generator. 

The TP5008 has a 
resolution of 8 bits 

and a sampling rate 

of 200,000 samples/ 

sec (200 kHz). The input range may be set to 0.5-20 V 
full-scale deflection. The output range covers 1.25-2.5 V. 
The TP5008 is fitted with BNC connectors and is 
| delivered complete with a user manual and software. 
Separately available are 1:1-1:10 probes 
and 1:100 oscilloscope probes. 
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Connect the HANDYPROBE to the parallel printer port 








£ 197 








TiePie engineering manufactures a complete 








































research and development; and education. 


BEST PERFORMANCE: HANDYSCOPE 


The HANDYSCOPE is connected to the parallel printer 
port. This makes it possible to carry out measurements 
with a laptop or notebook PC. Because of its high 
resolution (12 bits), the HANDYSCOPE is a very accurate 
instrument. The measuring rate is 100,000 samples/sec. 
Either of the two channels can be set independently 
over a range of 0.5-20 V (with a 1:10 probe up to 200 V). 
The advanced software enables many measurements to 
be carried out. Two probes (switchable 1:1-1:10) are 
provided. The HANDYSCOPE is constructed as a small 
table model with two BNC connectors. 
The length of 
the cable 
linking the 

PC and the 
HANDYSCOPE 
is 1.8 m, 
which can be 
extended 

to 3.8 m. 
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VERY HIGH SPEED: TP208 


The TP208 is an interface card 
with a measuring speed of 
2x20 Megasamples/sec 

(8 bits). Phenomena shorter 
than one millionth of a 
second can still be 
measured well. 

The completely digitized 
triggering ensures very 
stable triggering with ა 
many trigger i 

possibilities. VERÉ qni; 

The TP208 has an “ Wy - 

input range of 

5 mV/div to 20 V/div in 12 steps and an auto calibration 
function. Since both channels may be sampled 

| simultaneously, phase differences can be measured 
very accurately. Even single phenomena can be 
measured since each channel has a 
32 KByte memory. Comprehensive 
software is provided. 
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FUZZY LOGIC MULTIMETER 


There is little to say about the true- 
r.m.s. converter. The circuit diagram 
(Fig 5) shows a standard application of 
the AD736JN, connected to a non-crit- 
ical К-С network, C4-Ri5, and three 
electrolytic capacitors (also uncritical), 
C5, Св and C7. The bandwidth of the 
true-r.m.s. converter exceeds that of 
the multimeter IC input by far. In fact, 


(PART 2) 


the multimeter IC limits the -1%- 
bandwidth of the DMM to about 
300 Hz. Keep this in mind when mea- 
suring signals with a lot of distortion 
(i.e., containing many higher harmon- 
ics), because for the measurement to 
be accurate, the strongest harmonics 
have to fall within the 300-Hz band- 
width of the DMM. 


REGISTER CONTENTS 





Ones 


Tens 
Hundreds 
Thousands 
10 Thousands 


Status 


Register Map of input Data 


| ADDRESS OR 
REGISTER NUMBER р5 
Hold 
10 9 
1077. 
ከር 
Current 


_ VOLTAGE 
RANGE 


Conversion Result 
BCD data for least significant digit 


The multimeter power supply is rel- 
atively simple, consisting essentially of 
a 5-V regulator, ICio, and an inverter, 
ІСЗ. Jumpers JP16 and JP17 аге rem- 
nants of the experimental phase of the 
circuit, and determine where the ana- 
logue and digital ground are intercon- 
nected. On the final design of the 
printed circuit board, ህጅ16 is а 


(Ihe undisplayed digit used fot digital autozero) 


BCD data of Conversion Result 
(Least slanificant displayed digit) 
BCD Data of Conversion Result 
BCD Data of Conversion Result 
BCD Data of Conversion Result 


рэ 
Always | 


D2 


D2 
High Frequency 
Filter Short 
107? 
Ext AC 
X2 





Table 1. Overview of data contained in the MAX134 registers. 
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Latches Continuity: 


፲)1 
Beeper ON 
3 
10 2 
Divider Sense 
, Read Zero 


DI 
Holding 


130 
Low Battery 


Do 
Sleep 
ЗОНЕ 
197! 

Ohms R/2 





Filter On 


is bypassed. 
this bit combi- 
nation to | 
compensate for 
the higher source 
impedance of the 
AV range. 
Bypasses 

Filler. _ 

Invalid combi- | 
nation, do not use 
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#14 #13 #12 #11 #10 А9 АЗ А7 Аб А5 А4 АЗ 


A2 А1 AO | PC address line 





R4 АЗ KO-K7 


card card address | ኮር I/0 address 
register 


address 


R2 R1 RO 


MicroSystem 


register 
address 
MAX134 





2 
M 
2 
5 
zm 
e 


read 


SX 
ጐ 
2 
"ሠ 


write 





units 

tens 
hundreds 
thousands 
status 
data |ር9 
data IC4 
not used 


መሙ ა ርጋ ርጋ ርጋ ርጋ ሮን о 
=> =ኃ ርጋ ርጋ ርጋ ርጋ о 
ххх— => OOO 
хххоо-оо 
ххх د‎ © ә — © 


input data (see table 1) 
input data (see table 1) 
input data (see table 1) 
input data (see table 1) 
not used 
not used 
not used 
not used 





Table 2. Addressing standard adopted for the MicroSystem bus/DMM card combination. 


jumper, and JP17 must never be fit- 
ted. That leaves JP14 in the power 
supply section. JPI4, together with 
JP10 on the PC interface board, selects 
the source of the supply voltage. The 
available options are: (1) the com- 
puters 12-V supply, (2) an external 
12-V supply connected to K2 on the in- 
terface board, or (3) an external power 
supply connected to the DMM board 
(between points U, and 0). 

The design of the digital output sec- 
tion is simplicity itself. Data is clocked 
directly from the databus into two 
eight-bit registers, IC4 and ICo. Тһе 
clock signal is supplied by address de- 
coder ICe, which is controlled by regis- 
ter address lines R3 and R4 (more 
about this further on). Six bits of IC9 
are reserved for internal use. The first 
bit (pin 19), is used as a software-con- 
trolled interrupt enable switch. Thus, 
the interrupt generated by the DMM 
on completion of the conversion cycle 
may be blocked (disabled) either by re- 
moving JP13, or by setting the first bit 
іп 1(:9. If this bit is at О, NAND gate 
ІСзь no longer feeds the EOC (end-of- 
conversion) signal supplied by IC1 to 
transistor T1. The second bit is used to 
control a LED, De, which forms a 'soft- 
ware activity’ indicator and has, 
strictly speaking, nothing to do with 
the function of the DMM card. As long 
as the LED flashes, you are assured 
that the PC is talking to the DMM 
card. 

The remaining bits іп ІС are all fed 
to driver IC11, which is capable of han- 
dling far more output current than the 
average HCT gate. Four bits are used 
to control relays in the multimeter's 
input circuit. These bits are also suit- 
able for controlling bistable relays, 
which have two coils. The advantage of 
a bistable relay is that it has to be en- 
ergized only to switch over the con- 
tacts, which automatically remain in 
the new position. This means that a 
bistable relay does not require a con- 
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stant current to keep its contacts in a 
certain position. The advantage is ob- 
vious: reduced current consumption. 
Unfortunately bistable relays are still 
relatively expensive as well as hard to 
find as one-offs, and that is why nor- 
mal, monostable, relays appear in the 
components list. The control software 
also assumes that monostable relays 
are used. 

The inputs of drivers 7 and 8 in [C11 


FUZZY LOGIC MULTIMETER (2) 23 


may be connected in parallel with dri- 
ver 6 or 5 by fitting jumper JP11 and 
JP12 respectively in position ‘А’. Тһе 
parallel connection is useful where two 
lines are always controlled simultane- 
ously under the control of one bit at 
one address. If jumpers ЈР11 and 
JP12 are set to position “В”, drivers 7 
and 8 are controlled separately via two 
bits of IC4. 

The DMM chip, ІСі, is controlled via 
latch ІС? and databus buffer ICs. It 
was already seen from Fig. 4 that the 
register addresses of ІСі have to be 
stable quite a while before data can be 
read or written. This is achieved by the 
following trick. Each time a register is 
addressed іп ІСІ (R2/R4=00,), ad- 
dress decoder IC6 clocks the register 
address (RO/R1/R2) in latch IC7. If the 
desired register address is read first, 
and the data simply forgotten, the 
latch will ensure that the address re- 
mains stable on the address inputs of 
ІСІ. After 3.5 us, the same register 
may be addressed again, and data may 
be read or written. 

Address decoder ICe has a crucial 
function in the write and read actions 
to and from the card. It is enabled via 
the PC interface by the strobe signal 
and one of the card selection lines en- 


COMPONENTS LIST 


DMM BOARD 


Resistors: 

4,623 0.1% 
10863 0.1% 
100863 0.1% 
1M1 0.1% 
30184) 1% 
1M2 1% 
1M1% 
TOMO 1% 
332kQ 1% 
10%) 

22MQ 

105 

202 

1602 

2к02 

10 1% 
ЗКОЗ 
4/6322 1% ክ23 _ 
5/6311 1% 824 
10060 multiturn preset 


R1;R5 
R2 -R6 
R3 
R4 
87:88 
89 
R10 
RII 
R12 
R13R14 
R15 
H16;H21 
Р17 
R18 
R19 
R20 
R22 


veh eA De eh cmek ا‎ e mah [NO в IND უა. აეეე, [ኣጋ እታ 


P1 


Capacitors: 

1 4nF7 MKT C1 

2 : 62:03 

9 C4:C9;C10; 
C12;C13,C15; 
С16:018:019 
C5 
C6:C7:C8:C17: 
C25 
C11 


22ኩፐ . 
100nF 


‚ S3HF 16V radial 
10uF 16V radial 


22uF 16V radial 





1 
21 32768kHz crystal 
2 


1 10рЕ 
4 100uF 16V radial 
1 ПРЕ 


Semiconductors: 

ВҮУ27-100 

ІСІ 8069С 65. 

LED, red, high-efficiency D6 
BC547B | 11 . 
MAX134CPL ICI 
AD736JN C2 
ICL7660CPA 163 

- 74HCTO8 ІС5 
74HCT138 _ . _ 
TAHCT574 IC4ICZICO | 
TAHCT245 ica . 
7805 IC10 
ULN2803 IC11 


Miscellaneous: 

1 Passive AC buzzer 

1 Multifuse 0.4A/50V 

1. 14-way box header, angled | 

1 34-way header, angled, side | 
latches : _ 
РТС max. 20 


V23042-A1001-B101 relay - 
(Siemens) 22 881802 | 
1 Printed circuit board plus software; 
order code 920049-1 (see page 70) | 
The control software is also available | 
- separately: order code 1721 (see page 


_ 70) _____ 




























































































































































































































































































Jumpers/ switches on PC interface card: 
Jumpers: 

JP1-JP7; JP11-JP 14: open (interrupts not 
used) 

JP8: open (no clock required for DMM IC) 
JP9: ground (CHRDY on slot = HIGH) 


DIP switch S1: 
$1-1- $1-5: on. $1-6: off. Sets card base 
address to 300H. | 


Jumpers ዕበ DMM card: 

JP1: closed 

JP2: open 

JP3-JP9: open 

JP10: closed (DMM = card 0) 
JP11: see text 

JP 12: see text 

JP13: open (interrupts not used) 
JP14: Ui 
. JP 15: closed (filter effective) 
JP16: closed 

JP17: open (never close!) 
JP18: open 





Table 3. Default settings of the jumpers and 
the DIP switch. 


abled via jumpers JP3-JP10. ICe ac- 
complishes the final addressing with 
the aid of lines КЗ, R4 and write. 
Together with RO, R1 and R2, this 
gives the addressing shown in Table 2. 

The final section of the multimeter 
circuit to be discussed is the measure- 
ment circuit around ІСі. The compo- 
nents vital for correct measurement 
results are resistors К1-Кв and Ки, 
since they determine the resistance 
and voltage ranges. Unlike R1-Re, Кіп 
is a 1% resistor. A 0.1% type would, of 
course, be preferred, but proved unob- 
tainable for the value required 
(10 MQ). Fortunately, the error (if any) 
introduced by the higher tolerance on 
R11 is compensated by calibration pre- 
set Рі. Tolerance compensation is not 
available for Ri-R6, so any deviation 
from the stated resistance values 
causes inevitable differences between 
the ranges. These differences are kept 
to a minimum by using 0.1% resistors. 

Nearly all switches required for 
switching between the various ranges 
are available in IC1. There is, however, 
one exception. To be able to use the 
meter as an ohmmeter, the input cir- 
cuit has to be modified. Junction R1- 
R2-Rs-Re6 is usually connected to 
ground via relay contact Re2. For resis- 
tance measurements, Кїї has be con- 
nected to this junction also. This is 
achieved by energizing Re2. The junc- 
tion is then also connected to the 400- 
mV input of ІС: ма PTC1. Together 
with diodes D3 and D4, the РТС pro- 
tects the ohmmeter against high volt- 
ages (sparks and discharges) at the 
input terminals. To make sure that the 
PTC can not affect the lowest resis- 
tance range, its value may not be 
smaller than 2 КО under normal cir- 
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cumstances. Finally, for resistance 
measurements, input terminal U; has 
to be connected to the 400-mV input. 
This is accomplished by relay ከ61, 
which is also used to connect Ui to the 
400-mV input to create the 400-mV 
range of the multimeter. Jumpers ӘР1 
and JP2 are intended to adapt the 
input circuit to different types of relay. 
In most cases, JP1 will be fitted. 
Jumper JP18 allows relays Rel and 
Re2 to be shunted (in which case the 
relays may be omitted), which forfeits 
the resistance measurement function 
of the DMM, leaving the current and 
voltage (both AC and DC) only. 
Omitting the ohmmeter function is an 
option where resistance measure- 
ments are not required anyway. 


Construction 


The artwork for the DMM board (dou- 
ble-sided, through plated) is shown in 
Fig. 6. Like the PC interface card, this 
board is available ready-made through 
the Readers Services. Although con- 
struction is straightforward, great at- 
tention should be paid to neat and 
accurate solder work. Remember, one 
bad solder joint at a crucial point may 
reduce the accuracy of the meter con- 
siderably. 

Important notice: although the 
DMM IC has a 4,000-V range, the 
printed circuit board is not suitable 
for such a high voltage. This range is, 
therefore, not available in software. If 
you write your own software for this 
circuit, you must not attempt to use 
the 4,000-V range. The PCB can with- 
stand the mains voltage (220 or 
240 V), but always check if the ground 
of the PC is separated from the mains 
earth. If the two are connected, swap- 
ping the live and neutral lines, al- 
though unlikely given their fixed 
positions on UK style mains plugs and 
sockets, may cause а short-circuit 
with disastrous results. 

For the time being, preset P1 may be 
set to the centre of its travel. If you 
wish, you may want to adjust it for 
655 mV measured with a voltmeter. 
However, before you can start testing 
the two boards, make the bus cable, 
and fit the jumpers. The standard 
jumper settings are given in Table 3. 
Settings other than the ones shown 
must be communicated to the program 
(this is explained in the help texts). 

The construction of the 34-way flat- 
cable is simple — see Fig. 7. Although 
a maximum length of 1 m is indicated, 
our prototypes gave no problems with 
cables of up to 1.5 m long. Both cable 
ends are fitted with an IDC (insulation 
displacement) socket. If you intend to 
use more than one DMM card, addi- 
tional sockets may be pressed on to 
the cable as illustrated in Fig. 7. The 
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34-way connector 
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Fig. 7. The link between the PC interface and 
the I/O card is a bus formed by a length of 
flatcable. The number of connectors pressed 
on to the cable depends on the number of 
cards you wish to connect. 


distance between the sockets should 
be about 6 cm. Finally, check the con- 
tinuity of all 34 connections. 


Software 


The DMM does nothing without the ap- 
propriate software. Fortunately, this is 
available on a diskette for IBM PC-ATs 
(and up) running under MS-DOS. The 
control software package is called 
‘Fuzzy Control One’, and has been рго- 
duced by MicroSource. The introduc- 
tion version of this program [5 
available through ის Readers 
Services, while the full version may be 
obtained from MicroSource only. As al- 
ready indicated by its name, the pro- 
gram is tailored to developing control 
systems using fuzzy logic (Ref. 1). In 
spite of the designation 'introduction 
version', all features are available for 
use — more about this in next month's 
concluding instalment of this article. 
For now, the part of the program 
that contains the multimeter software 


ж TEST AND MEASUREMENT 


is of interest. Originally, the multime- 
ter was intended as an aid in setting 
up fuzzy logic control systems. It grew, 
however, into a fully fledged measur- 
ing instrument. 

The GUI creation routines are the 
only ones actually used from the 
'LabWindows' package to develop the 
Fuzzy Control One software. Attention: 
LabWindows has nothing to do with 
MicroSoft Windows! Our thanks are 
due to National Instruments for allow- 
ing us to put Fuzzy Control One on 
floppy disk without having to raise a li- 
cence fee for every user. This means 
that the Fuzzy Control One software is 
not dearer than most other programs 
sold through our Readers Services. 

It can not be denied that Fuzzy 
Control One, despite being an 'intro- 
duction version', is a very complex pro- 
gram, which requires quite a bit of 
getting used to. The range of settings 
and options offered by the program to 
implement a fuzzy logic control system 
is staggering, and make the program 
one of a kind. Documentation is not 
lacking, either: the total size of the 
help files alone would easily fill all the 
pages of this magazine! Incidentally, 
the help files can be printed, so a man- 
ual is readily produced. 

A couple of batch programs contain- 
ing useful examples are supplied to get 
you going. One of these files, 
DVM.BAT, launches the multimeter 
software. Installation is easy: simply 
start the INSTALL batch, and follow 
the instructions. After installation, the 
program always shows the help text 
when the multimeter is started. This 
can be turned off by quitting the multi- 
meter and returning to the main 
menu. Select 'preferences'* from the 
‘Miscellaneous’ menu. After quitting 
the help text on this part of the pro- 
gram you can turn off the option 'start 
with help'. To save this setting, store it 
in the file DVM.FZH. This is done via 
the 'files' and 'save hardware settings' 
menus. 

The main menu also has an option 
called ‘print data’, which enables you 
to produce hard copy of the help texts 
(first, however, ascertain the printer 
port in the same menu). 

After starting the multimeter pro- 
gram, you are eventually presented 
with a screen that contains the follow- 
ing information: current measurement 
value, average value measured over a 
predefined number of samples (both 
values are displayed numerically in a 
graph), the set measurement range, 
the type of measurement, the number 
of measurements used to compute the 
average (filter length), and a his- 
togram that shows the variance of the 
measurement values contained in the 





Fig. 8. It is the DVM software contained on the Fuzzy Control One diskette that turns the com- 
bination of the DMM card and the PC into a digital multimeter with some astounding func- 
tions. Routines from LabWindows handle the graphics presentation of the measurement data, 
affording ease of program operation (using the mouse). 


filler, or in a memory containing 
100 measurements. In this way, you 
obtain information on the measure- 
ment value proper, its trend and sta- 
bility. A number of meter settings can 
be changed by pointing the cursor at 
the relevant button and clicking on it. 
One button determines the rate of zero 
measurements performed by the in- 
strument. This is necessary to com- 
pensate the internal offset of the DMM 
chip. The software has to deduce the 
result of the zero measurement from 
the current measurement value to ob- 
tain the real value. Another setting 
made via this window is 'software cali- 
bration', which allows the scale of the 
DMM to be adapted without having to 
redo the calibration of the DMM card 
itself. 

The 'preferences' menu also allows 
you to select the mains frequency 
(50 Hz ог 60 Hz). As already discussed, 
the reference voltage on the DMM 
board depends on this frequency, and 
it is vital to make the selection equal to 
the mains frequency used in your 
country. If the set mains frequency is 
changed, the DMM card has to be cali- 
brated again. 


Calibration 


Once you have familiarized yourself a 
little with the control software, the 
meter is ready for calibration. For 
some applications it is sufficient to set 
P1 to the centre of its travel. For in- 


stance, if you intend to change the cal- 
ibration via software. However, if the 
meter is to measure ‘геаГ volts, am- 
péres and ohms, P1 has to be set more 
accurately. All you need for this pur- 
pose are a stable voltage of (nearly) 
3.999 V, and an accurate voltmeter 
(min. 3% digit, and having an accuracy 
better than that of the DMM). Connect 
the test voltage to the DMM inputs, 
and set the meter to the 4-V range (i.e., 
autoranging function switched off). To 
prevent overflow, the input voltage has 
to stay just under 4 V. The adjustment 
of P1 is simple: turn the wiper until the 
DMM reads the same value as the volt- 
meter you have connected in parallel. 
That is all! All other ranges are then 
automatically calibrated. 


Next month's instalment will discuss 
the Fuzzy Control One software in 
greater detail, along with an example of 
a fuzzy logic control system that makes 
use of the multimeter described here. 


Reference: 
1. Fuzzy logic: an introduction. Elektor 
Electronics July/August 1992. 


Fuzzy Systems and MikroSysteem 
(MicroSystem) are registered trade- 
marks of MicroSource/H. Scholten, 
P.O. Box 1243, 8001 BE Zwolle, 
Holland. 


LabWindows a is registered trademark 
of National Instruments. 





* names of menus and menu options mentioned in this article may be different from the actual names used in the program. 
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ESR ELECTRONIC COMPONENTS 
Station Road, Cullercoats, 

Tyne & Wear NE30 460 Derr. ЕЕ 
Tel. 091 251 4363 Fax. 091 252 2296 


TRANSISTORS LINEAR ICs SOLDERING IRONS RF CONNECTORS 


2N1613 £0.31  BCI86 #033 80534. 4047 ርለ311፻፪ 40.28 Antex Soldering irons BNC Solder Plug50R £0.93 
2N1711 £0.26  BC204C #072 80535 Ғ048 ርለ324 £023 M12 Watt BNC Solder Plug75R (60.96 
2N1893 40.29  BC206B 4072 80536 £0.65 СА555 £0.22 С16Мап BNC Crimp Plug SOR £0.68 
2N2218A £0.28 BC207C £0.72 80646 £0.52 СА741СЕ £0.18 G18Watt BNC Crimp Plug 75R የ0.68 
2N2219A £0.25  BC208 £0.72 80648 £0.52 СА747СЕ £0.39 CS 17Watt BNC Solder Skt £1.08 
2N2222A £0.16  BC209A £0.72 80650 £0.53  CA3046 £0.37 x5 25Watt BNC Chassis Skt £0.80 
2N2646 £0.80 8ር212 £0.08 80707 £0.42 ርለ2080 £0.72 тл STAND PL259 5.2mm £0.68 
2N2904A £0.25  BC212L £0.08 80807 £0.80  CA3130 £0.98  36Watt Gas Iron PL259 11mm £0.62 
2N2905A £0.23  8C212LB £0.08  BDX32 #178 САЗІЗОЕ #098 Dasolder Pum ВМО UHF socket 60.68 
252907 #020 8С213 #008  BDX33C £0.46 ርለ3140 - £0.56 ^ መ” $ОВ UHF socket £0.45 
2N2926 £0.16  BC213LC £0.08 ВОХЗАС £0.50 САЗ240 £1.22 WG 5 EKOS | F Plug RG58 £0.30 
2N3053 £0.27 8ር214 £0.08  8DX53C £047 1017621 £170 225 Ка Solder F Plug 866 £0.27 
2N3054 £0.90 862144 £0.08  BDX54C £0.50 1СМ7555 £0.43 18SWG 0.5Kg Solder N Plug 868 £1.60 
2N3055 £0.62  BC237B £0.09  BF180 £0.31  1CM7556 £0.96 1mm 3 yds Solder М Socket RGB £1.40 
2N3440 £0.50  BC238C £0.08 8ዩ182 £0.31 LM301A £0.25 DesolderBraid BNC Crimp Pliers £15.50 
2N3702 £0.09 ВС239С  f0.10 8ዩ185 £0.31  LM348N — £0.31 
2N3703 £0.10  BC251 £013  BF194 £019 [የ351ኣ £0.36 
2N3704 £0.10 8ር252 #013  BF195 £019  LF353 £0.41 
243705 £0.10 8ር2618. #024 8፻244 £0.35 LM358N #027 
243706 #010 BC262B #024 86257 £0.33 1М377 £2.57 
2N3771 £1.44  BC267B #030  BF259 £0.33  LM380N #112 
2N3772 £1.51 ВС307 #010  BF337 £0.36 — LM381 £2.70 
2N3773 £1.79  BC308 #010  BF355 £0.38 (М386 £0.48 
2N3819 040  BC327 #010 8፻423 £013  LM387 £1.60 
2N3820 £0.88  8C328 £0.10 86451 £0.19  LM392N — £0.79 
2N3904 £0.10  8C337 #010  BF459 £0.29 1М393М 0.28 
243905 £0.10 8ር338 6010 8፻465 £0.36 LM748CN £0.31 
243906 #010 BC414C #013 BFX29 £029 LM1458 £0.26 
2N4036 £0.31 ክር441 £0.40 8፻እ84 £0.31 LM3900 £0.72 
2N5296 #057  BC461 £0.40 ВЕХ85 £031  LM3914 «2.70 
2N5321 £0.57  BC463 £029 Во £0.29 (M395 «2.70 
2N6107 £0.60 ВС478 £0.32  BFY51 £0.26 МС3340 £1.60 


741500 £0.14 
741501 £0.14 
74LS02 £0.14 
74LS03 £0.14 
741504 £0.14 
741505 £0.14 
741508 £0.14 
741509 ደ0.14 
741510 £0.14 
7415107 40.23 
7415109 £0.21 
741511 ፻0.17 
7415112 የ0.21 
7415113 £0.21 
7415114 £0.21 
741512 ደ0.14 
7415122 £0.31 
7415123 £0.31 
7415125 #021 
7415126 £0.21 
741513 £0.14 
745132 £0.21 
7415133 £0.18 
7415136 £0.16 
7415138 £0.24 
7415139 £0.25 
741,514 20.18 
7415145 £0.56 
7415147 #126 
7415148 የ0.70 
741515 £0.14 


4000 Series 


4000 £0.17 
4001 £0.17 
4002 £0.17 
4006 £0.32 
4007 £0.17 
4008 £0.31 
4009 £0.19 
4010 £0.23 
4011 £0.16 
4012 £0.16 
4013 £0.17 
4014 £0.30 
4015 £0.31 
4016 £0.18 
4017 £0.27 
4018 £0.27 
4019 £0.19 
4020 £0.31 
4021 £0.31 
4022 £0.32 
4023 £0.16 
4024 £0.21 
4025 £0.15 
4026 £0.59 
4027 £0.18 
4028 £0.22 
4029 £0.27 
4030 £0.17 
4031 £0.70 
4033 £0.56 
4034 £1.24 


£7.75 
£7.78 
£7.96 
£7.88 
£7.96 
£2.85 
£11.58 
£3.00 
£4.30 
£7.40 
£6.60 
£0.62 
£0.87 


PCB EQUIPME 


UV EXPOSURE UNIT 

PLASTIC DEVELOPING TRAY 

PHOTO RESIST AEROSOL SPRAY (100ml) 

FERRIC CHLORIDE CRYSTALS (0.5Ка) 

TIN PLATING POWDER (90g) 

ETCH RESIST PEN 

PCB POLISHING BLOCK 

STRIPBOARD 011 PITCH 

64mm x 25mm £0.27 
64mm x 95mm £0.90 
64mm x 431mm £3.22 
95mm x 127mm £1.50 
95mm x 95mm £1.10 
85mm x 431mm £4.80 


£67.38 
£1.35 
£3.90 
£245 

£10.80 
£0.72 
£1.84 

BREADBOARD 

81mm x 60mm 

175mm x 42mm 

175mm x 67mm 

203mm x 75mm includes 
mounting plate & posts 


£3.06 
£3.74 
£5.56 


£7.36 


7415151 
7415153 
7415154 
7418155 
7415156 
7415157 
7415158 
7415160 
7415161 
7415162 
7415163 
7415164 
7415165 
7415170 
7415173 
7415174 
7415175 
7415190 
7415191 
7415192 
7415193 
7415195 
7415196 
7415197 
741520 

741521 

741522 

7415221 
7415240 
7415241 
7415242 
7415243 
7415244 
2415245 
7415247 
7415251 
7415257 
7415258 
741526 

7415266 
741527 

7415273 
7415279 
741530 

741532 

7415365 
7415367 
7415368 
74—537 

7415373 
7415374 
7415375 
7415377 
7415378 
741538 


ደ0.25 
£0.25 
£0.70 
£0.25 
£0.25 
£0.25 
£0.25 
£0.32 
£0.32 
£0.32 
£0.32 
£0.26 
£0.48 
£0.30 
£0.24 
£0.24 
£0.24 
£0.25 
£0.24 
£0.24 
£0.24 
£0.24 
£0.24 
£0.24 
£0.16 
£0.14 
£0.14 
£0.36 
£0.32 
£0.32 
£0.32 
£0.32 
£0.32 
£0.33 
£0.32 
£0.24 
£0.24 
£0.24 
£0.14 
£0.14 
£0.14 
£0.32 
£0.25 
£0.14 
£0.14 
£0.21 
£0.21 
£0.21 
£0.14 
£0.32 
£0.32 
£0.34 
£0.32 
£0.62 
£0.14 


4035 £0.31 
4040 £0.29 
4041 £0.31 


AC126 £0.30 
AC127 £0.30 
AC128 £0.28 


ВС479 
8C490 
ВС516 


፻0.32 
ደ0.24 
£0.22 


ВҒҮ52 
85107 
85170 


4042 £0.22 
4043 £0.28 
4044 £0.35 
4046 £0.31 
4047 £0.25 
4048 £0.31 
4049 £0.20 
4050 £0.20 
4051 £0.25 
4052 £0.25 
4053 £0.25 
4054 £0.56 
4055 £0.34 
4060 £0.31 
4063 £0.29 
4066 £0.18 
4067 £1.91 
4068 £0.16 
4069 £0.20 
4070 £0.17 
4071 £0.20 
4072 £0.17 
4073 £0.17 
4075 £0.17 
4076 £0.30 
4077 £0.17 
4081 £0.14 
4082 £0.17 
4085 £0.28 
4086 £0.26 
4089 £0.55 
4093 £0.18 
4094 £0.31 
4095 £0.56 
4097 £1.20 
4098 £0.31 
4099 £0.38 
4502 £0.38 
4503 £0.31 
4508 £0.90 
4510 £0.26 
4511 #0.32 
4512 £0.32 
4514 £0.73 
4515 £0.98 
4516 £0.31 
4518 £0.27 
4520 £0.26 
4521 £0.62 
4526 £0.40 
4527 £0.39 


АС187 £0.45 
АС188 £0.37 
ACY17 £3.84 
ል0149 £1.67 
AD161 £0.92 
AD162 £0.92 
BC107 £0.14 
BC1078 £0.15 
BC108 £0.13 
BC108A £0.14 
BC108C £0.14 
8C109 £0.14 
ВС109С £0.15 
ВС114 £0.41 
8ር115 ደ0.41 
8ር116 £0.41 
BC118 £0.41 
BC132 £0.36 
BC134 £0.36 
BC135 £0.36 
BC140 £0.25 
ВС141 ደ0.27 
8ር142 £0.31 
BC143 £0.34 
BC149 £0.12 
BC154 £0.36 
BC157 £0.12 
BC159 £0.12 
ВС160 ғ0.28 
BC170 £0.16 
BC170B £0.16 
ВС171 £0.11 
BC171B £0.16 
ҢС172 ደ0.13 
861728 £0.13 
8ር177 *0.18 
ВС178 £0.18 
BC179 £0.17 
BC182 £0.08 
BC182L £0.08 
BC182LB £0.08 
ВС183 £0.08 
BC183L £0.08 
BC183t8 £0.08 
BC184 £0.08 
8C184L £0.08 


TRIACS 


Z0105DA £0.42 
TiC206D £0.65 
TIC226D £0.73 


BC517 
BC527 
BC528 
BC537 
BC546C 
8ር547ር 
BC548C 
BC549C 
BC550C 
ВС55БА 
8C557C 
ВС558С 
8C559C 
8ር5608 
80637 
6ር638 
86639 
8ር640 
ВСҮ70 
BCY71 
ВСҮ72 
80135 
85138 
85137 
80138 
80139 
80140 
80150C 
85165 
85166 
80187 
80201 
80202 
80203 
60204 
80222 
Вр225 
80232 
80237 
80238 
862408 
602438 
BD244A 
BD246 
BD441 
BD442 


£0.20 
£0.20 
£0.20 
£0.20 
£0.08 
£0.09 
£0.08 
£0.10 
£0.08 
£0.08 
£0.08 
£0.08 
£0.08 
£0.09 
£0.21 
£0.21 
£0.21 

£0.21 

£0.21 

£0.20 
£0.20 
£0.20 
£0.21 

£0.22 
£0.22 
£0.23 
£0.24 
£0,82 
£0.42 
£0.35 
£0.39 
£0.40 
£0.40 
£0.40 
£0.40 
£0.40 
£0.42 
£0.38 
£0.32 
£0.32 
£0.37 
£0.50 
£0.53 
£1.06 
£0.41 

£0.41 


THYRISTORS 


PO102AA £0.30 
TIC106D £0.40 
TIC116D £0.66 


BSW66 
BU126 
8ህ205 
BU208A 
BU326A 
В0500 
8ህ508ል 
8ህ526 
8ህ806 
8ሀጸ84 
ІНЕ540 
IRF740 
MJ11015 
MJ11016 
MJ2501 
MJ3001 
MJE340 
MJE350 
MPSA13 
MPSA42 
MRF475 
ТІР121 
ТІР122 
ТІР125 
ТІР127 
TIP132 
TIP137 
TIP142 
TIP147 
ТІР2955 
ТІР29С 
TIP3055 
ТІРЗОС 
ТІРЗІС 
TIP32C 
ТІРЗЗС 
TIPA1A 
ТІРА2С 
ТІР4? 
TIP48 
TIP50 
VN10KM 
VN66AF 
ZTX300 
ZTX500 


4528 £0.40  BTAOB8-600B £0.84 


£0.77 


4529 £0.44 


TIC126D 
ТІС2360 £0.96 
DIAC 


£0.28 
£0.21 
£0.21 
£1.35 
£1.70 
£1.82 
£1.73 
£1.80 
£2.32 
£1.76 
£2.24 
£1.36 
£0.77 
£1.60 
£1.63 
£2.11 
£2.11 
£1.60 
£1.52 
£0.40 
£0.42 
£0.12 
£0.17 
£6.21 
£0.35 
£0.37 
£0.37 
£0.37 
£0.46 
£0.46 
£1.06 
£1.12 
£0.63 
£0.31 
£0.63 
£0.31 
£0.32 
£0.32 
£0.72 
£0.36 
£0.38 
£0.48 
£0.62 
£0.53 
£0.44 
£1.50 
£0.16 
£0.16 


МС4558 
МЕ531 
NE556N 
NE567N 
NE5532 
NE5534 
TBA1209 
TBA8105 
TBA820M 
TDA2030 
TLOG1 
1L062 
1L064 
TLO71CP 
TLO72CP 
TLO74CN 
TLOB1 
TLOB2CP 
TLOBACN 
ህል733 
ULN2004 
2М4142 
ZN425E 
ZN426E 
ZN427E 
ZN428E 
ZNA35E 
ZN448E 


£0.36 
£1.56 
£0.36 
£0.36 
£0.80 
£0.66 
£0.77 
£0.68 
£0.39 
£1.35 
£0.35 
£0.42 
£0.46 
£0.32 
£0.34 
£0.48 
£0.33 
£0.34 
£0.46 
£0.64 
£0.48 
£1.04 
£4.68 
£2.61 
£8.82 
£6.12 
£5.31 
£7.92 


EPROMS& 
RAMS 


2716 

2732 
2764-25 
27С64-25 
21728-20 
27С128-20 
27256-20 
276256-20 


276512 
276010 
6116-10 
6264-10 
62256-10 
4164.15 
41256-10 
511000-8 
514256-8 


(4.46 
#4.84 
Ғз.00 
£2.80 
£3.69 
£3.31 
£3.15 
£3.55 


£3.69 
£4.97 
£1.53 
£3.06 
£4.83 
£1.78 
£2.80 
£5.61 
£5.61 


100mm x 160mm 
119mm x 454mm 


£1.60 
£6.20 


COPPER BOARD (6. Fibre) 
100mm x 160mm 
110mm x 220mm 


£0.90 
£1.24 


PHOTO RESIST BOARD 
(G. Fibre) 


PHOTO RESIST BOARD 
(Paper) 

£0.86 "x4" 

£1.62 "x6" 

£2.09 7х8" Е1.58 

ደ2.41 "x10" £4.63 


ШШШ ПЕШ 


Затр 250v 6.4mm ი mounting 
SPST Toggle 

SPDT Toggle 

SPDT CO Tog 

DPDT Toggle 

DPDT CO Toggle 

DPDT CO Toggle 

(biased) 

DPDT CO Toggle 

(biased 1 way) 

DPDT mini slide 

Rotary Wafer 1P-12W, 2P-6W, 
3P-4W, 4P-3W 

Key Switch SPST 

Push to make 

Push to break 

Latching Push Sqr 

РСВ Tact 6 x 6mm 


RESISTORS 


0.25W 5% CF E12 Series 
0.5W 5% CF E12 Series £0.95/100 
0.25W 196 MF E24 Series £1.72/100 
POTS Log or Lin 470R - 1MO 25mm dia 0.25in 

shaft £0.42 
PRESETS Enclosed Horz 

or Vert 100R 1M00.15VV 
PRESETS Skeleton Horz 

or Vert 1008. 1MO 0.1VV £0.11 

* PLEASE STATE VALUE REQUIRED ж 


COMPUTER ACCESSORIES 


£6.90 
£3.60 
£3.60 
£4.78 


"xAU 
“хе 
“xB 
"x6" 


CAPACITORS 
Ceramic Mini Disc 100 & 63V 
1.0pF to 100nF 
1pF-1nF £0.06, 1n2-2n7 £0.07, 
3n3-4n7 £ 0.12, 
10n & 12n £0.07 
Polystyrene 160V 5% 47pF to 10пЕ 
47p-2n2 £0.09, 2n7 -10n £0.12 


D CONNECTORS 


Plug Socket 
£0.29 £0.30 
£0.39 £0.39 
£0.81 £0.90 
£0.40 £0.49 
£0.48 £0.50 

9 Way plastic cover £0.30 
15 Way plastic cover £0.33 
23 Way plastic cover £0.36 
25 Way plastic cover £0.36 


BRIDGE 
RECTIFIERS 
W005 1.54 SOV £0.19 
WO2 1.54 200V £0.20 
8832 ЗА 200V £0.36 


BR62 6A 200V £0.64 
1004 10A 400V £1.39 


£0.67 
£1.24 


£0.58 
£0.60 
£0.64 
£0.68 
£0.76 


£1.20 


£1.20 


9 Pin £0.15 


15 Pin 


15 Pin H.D £0.78 


£2.70 
£0.25 
£0.28 
£0.63 
£0.25 


£0.60/100 


£0.15 


Zener Diodes 2V7. 33V 

BZY88400Mw £0.08 
BZX85 1.3W £0.14 
1N4001 £0.06 
1N4002 £0.07 
1N4003 £0.07 
1N4004 £0.07 
1N4005 £0.07 


Parallel Printer Lead 2m 

85232 Lead (all pins) Male Male 
RS232 Lead (all pins) Female - Male 
Centronics 36 Way Lead Male - Male 


Gender Changers 
9 Way D Mini Female to Female 
9 Way D Mini Male to Male 


£1.81 
£1.98 
£2.23 


25 Way D Mini Female to Female 


DIL SOCKETS 


25 Way D Mini Male to Male 
9 Way D Female to Female 


£2.23 
£2.33 


1N4006 £0.08 
1N4007 £0.08 


£0.20 HARDWARE 


VOLTAGE T2 Вох 75 x 66 x 25mm £0.82 
REGULATORS 


T3 Вох 75 x51 x 25mm = £0.82 

T4 Вох 111 x57 x 22mm £0.98 

781,05 £0.24 МВТ Вох 79х61 х40тт 41.44 
18112 £024 МВ2 Box 100 x 76 x 41mm £1.56 
- МВЗ Вох 118x98x45mm 61.82 28 Pin £0.22 

МВБ Box 150 x 100 x 60mm £2.50 40 Pin £0.25 


ELECTROLYTIC RADIAL CAPACITORS 
4584 £0.24 


4585 £0.32 . 16V 25V 63v 100V 450V 
4724 £0.70 წ - - £0.05 £0.07 
40106 £0.31 - - £0.05 £0.06 
40109 £0.50 ~ - - ደ0.05 ደ0.06 
40163 የ0.46 У - ደ0.05 £0.08 £0.30 
40174 £0.34 £0.05 £0.06 £0.08 £0.48 
40175 £0.36 £0.08 £0.09 - 
1 А . - 
40193 Ғ0.60 £0.06 


£0.08 £0.11 
£0.09 
OPTO DEVICES 


£0.12 £0.31 
£0.15 £0.19 £0.57 
5mm Red LED £0.22 
5mm Green LED 


£0.29 - 
£0.37 £0.57 - 
- £1.11 - 
5mm Yellow LED 
5mm Orange LED ELECTROLYTIC AXIAL CAPACITORS 
3mm Red LED 
3mm Green LED 16V 25V 63v 100V 450V 
3mm Yellow LED 6 - ደ0.15 
3mm Orange LED у - £0.10 
5mm Flashing Red - 6009 £0.10 
5mm Flashing Green £0.12 £0.12 
5mm Bi Colour £0.09 £0.17 
5mm Tri Colour £0.11 £0.20 
5mm Plastic Bezel £0.13 
3mm Plastic Bezel £0.18 


£0.42 - | 
03" 7 Segment Display Red £0.24 #069 ESR Electronic Components 
соттоп anode 4 


de, £0.64 2 Access & Visa cards accepted 
common cathode | - - - Offical orders from schools & colleges welcome. 


CALLIN- OPEN: MON-FRI 8.30-5.00 SAT 10.00-5.00 


4532 £0.32 
4534 £2.24 
4536 £1.00 
4538 £0.37 
4541 £0.33 
4543 £0.46 
4555 £0.34 
4556 £0.34 
4560 £1.18 
4566 £1.96 
4572 £0.25 


9 Way D Male to Male 
25 Way D Female to Female 
25 Way D Male to Male 


Adaptors 

9 Way Male to 25 Way Female 

25 Way Male to 9 Way Female 

25 Way D Male to 36 Way Centronic 
25 Way Null Modem Female - Female 
25 Way Null Modem Male to Female 
25 Way Null Modem Male to Male 
RS232 Surge Protector Male - Female 
RS232 Jumper Box Male to Female 
А5232 Tester (7 LEDs) Male - Female 


Data Switch Boxes 

Serial Switch box · 2 Way А/В 
Serial Switch box З Way A/B/C 
Serial Switch box 4 Way A/B/C/D 
Serial Switch box - Cross over 
Parallel box -2Way A/B 
Parallel box - 8 Way А/В/С/ 
Parallel box -4 Way A/B/C/D 
Parallel box - Cross over 


ORDERING INFORMATION 


All prices exclude VAT. 
Please add £1.25 carriage to all orders and VAT (17.5%). 
No minimum order charge. 
Free Computer listing with all orders over £5.00. 
Please send payment with your order. 
PO/Cheques made payable to ay 


£2.33 1አ5400 £0.09 


1N5401 £0.09 
1N5402 £0.09 
1N5404 £0.11 
1N5406 £0.11 
1N5407 £0.14 
1N5408 £0.15 
1М914 £0.06 
1N916 £0.06 
1N4148 £0.05 
BY133 £0.13 
ОА47 ፻0.28 
ዕል90 ፻0.07 
ዐል91 £0.10 
04202 ደ0.27 
8ል157 ደ0.10 
8ል158 §0.10 
ВА159 £0.10 
1N4149 £0.06 
ዐል200 £0.10 


7415390 
7415393 
7415395 
7415399 
741540 
741542 
741547 
741561 
7415670 
741573 
74,574 
741575 
741576 
741583 
741585 
741586 
741590 
741592 
741593 


#0.25 
£0.24 
£0.26 
£0.62 
£0.14 
£0.25 
£0.42 
£0.14 
£0.69 
£0.17 
£0.19 
£0.19 
£0.25 
£0.31 
£0.35 
£0.20 
£0.23 
£0.35 
£0.25 


8 Pia £0.07 
14 Pin £0.11 
16 Pin £0.15 
18 Pin £0.15 
20 Pin £0.16 
24 Pin £0.19 


£0.15 
£018 


£0.05 
£0.05 
£0.06 


ENAMELLED 
COPPER 
WIRE 


All 202 Reels 
14 SWG £0.63 
16 56 £0.67 
18 SWG £0.67 
20 SWG £0.72 
22 SWG £0.76 
24 SWG £0.80 
26 SWG £0.89 
28 SWG £0.91 
30 SWG £0.93 
32 SWG £0.93 
34 SWG £0.99 
36 SWG £1.04 
38 SWG £1.10 
40 SWG £1.22 


£0.19 
£0.22 
£0.34 
£0.48 
£1.06 
£1.33 
£2.46 


£0.10 
£0.10 
£0.10 
£0.12 
£0.13 
£0.16 
£0.21 





ELEKTOR ELECTRONICS OCTOBER 1993 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


SURVEILLANCE 


PROFESSIONAL QUALITY KITS 


No. 1 for Kits 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that all of our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 


are tuneable and can be received on an ordinary VHF FM radio. 


UTX Ultra-miniature Room Transmitter 


Smallest room transmitter kit in the word! Incredible 10mm x 20mm including mic. 


3-12V operation. 500m range 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m range 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. Size 20mm x 
40mm. 9-12V operation. 3000m range 


VXT Voice Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


WVX400 Mains Powered Room Transmitter 

Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 

500m range 

SCRX Subcarrier Scrambled Room Transmitter 

Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range 

SCLX Subcarrier Telephone Transmitter 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range £23.95 


50011 Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9-12V operation 


ATR2 Micro Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line 


XXX Specials XXX 


DLTX/OLAX Radio Contre! Switch 

Remote control anything around your home or garden, outside lights, alarms, paging 
System etc. System consists of a small VHF transmitter with digital encoder and receiver 
unit with decoder and relay output, momentary or alternate, 8-way dil switches on both 
boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x 
90mm. Both 9V operation. Range up to 200m. 

Complete System (2 kits) 

individual Transmitter DLTX 

Individual Receiver DLRX 


MBX-1 НІНІ Micro Broadcaster 

Not technically a surveillance device but a great idea! Connects to the headphone output 
of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your 
favourite music anywhere around the house, garden, in the bath or in the garage and 
you don't have to put up with the DJ's choice and boring waffle. Size 27mm x 60mm. 
9V operation. 250m range 


Dept. ЕЕ 


SUMA 


Note that certain products are for Overseas use only. 


UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

АП conversation transmitted. Powered from line. 500m range 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range წ 
STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
Ali conversations transmitted. Powered from line. Size 22mm x 22mm. 

1500m range 

TKX900 Signalling/Tracking Traasmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. Size 
25mm x 63mm. 9V operation 

CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse siowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
operation 

CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation 

QTX180 Crystal Controlled Room fransmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catlogue). Size 20mm x 
67mm. 9V operation. 1000m range 

QLX180 Crystal Cointrolled Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. 9V operation. 1000m range 

05Х180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from line. No batteries required. Size 
32mm x 37mm. Range 500m 

QRX180 Crystal Controlled FM Receiver 

For monitoring any of the 'Q' range transmitters. High sensitivity unit. All RF section 
supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 
CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


THE WORKSHOPS, 95 MAIN ROAD, 


BAXTERLEY. NEAR ATHERSTONE, 


DESIGNS 


WARWICKSHIRE CV9 2LE 
VISITORS STRICTLY BY APPOINTMENT ONLY 


Tel: 0827 714476 
Fax: 0827 714476 
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EASY FAST & POWERFUL 


CAD SOFTWARE THAT GIVES YOU THE EDGE 


ISIS - SCHEMATIC CAPTURE 


Easy to use yet extremely 
powerful schematic entry system 
with all the features you need to 
create input for ARES or other 
CAD software. Now available in а 
super-fast 32 bit version capable 
of handling huge designs even on 
A0-szed sheets. 





Graphical User Interface gives 
exceptional ease of use - two mouse 
clicks will place & route a wire 
Automatic wire routing, dot 
placement, label generation 

2D drawing capability with symbol 
library. 

Comprehensive device libraries 
Heterogeneous devices (e.g. relay 
and coil) allowed in different places 
on the schematic. 

Special support for connector pins - 
put each pin just where you want it. 
Output to printers, plotters, 
Postscript. 

Export designs to DTP and WP 
packages. 

Netlist formats for most popular PCB 
& simulation software. 

Bill of Materials and Electrical Rules 
Check reports. 

Multi-sheet and hierarchical design 
support. 

Automatic annotation/packaging 
ASCII data import database facility. 


from 


£275 


ARES - PCB DESIGN 


Advanced netlist based PCB 
layout software newly updated 
to version 2.5. Major new 
features include SMT library, 
real time snap (for those tricky 
SMT spacings), thermal relief 
power planes and enhanced 
autorouting. 


Graphical User Interface. 
Real time snap. 
Auto track necking. 
Curved, 45/90 or any angle tracks 
Extensive through hole and SMT 
package libraries as standard 
2D drawing capability with symbol 
library. 
m Connectivity highlight 
Output to printers, plotters, 
Postscript, Gerber and NC drill 
в Gerber View facility 
= Graphics export for DTP etc. 
= Advanced netlist management with 
forward design modification. 
Component renumber and 
back-annotate 1515. 
Full physical and electrical design 
rule checks. 
Autorouter handies single, doubie or 
multi-layer boards 
Power plane generator with reliefs. 
= Strategy & ORC information 
loadable from 1515. 
Gerber import utility available. 


from 


£275 


ISIS ILLUSTRATOR 


Schematic capture for MS 
Windows 3.1 - produces high 
quality schematics like you see 
in the magazines with your 
choice of line thicknesses, fill 
styles, fonts, colours etc. Once 
entered, drawings can be 
copied to most Windows 
software through the clipboard. 


New version 2 includes 
netlisting, bill of materials, 
hierarchy, and much more. 
An ideal front end for 
Windows Simulation and 
PCB design. 


new low prices from 


CADPAK - BUDGET PRICE CAD 


Two programs - ISIS 
SUPERSKETCH and PCB | - 
for the price of one. 


CADPAK has everything you 
need to produce circuit 
diagrams and PCBs on your 
PC and is exceptionally easy 
to use. 


superb value at only 





Call us today on 0274 542868 or 
fax 0274 481078 for a demo pack. 


qbcenter 


е с 


Combination, тић-сору and educational 
discounts available. Prices exc P&P and VAT. 











E t ያ ዐ n i c s 
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MICROCONTROLLER-DRIVEN NiCd 
BATTERY CHARGER 


This nickel-cadmium (NiCd) battery charger is capable of 
charging up to eight cells individually. The power 
semiconductors needed to accomplish this are all fitted on to a 
single, large, heatsink, to which the printed circuit board is 
also secured. That saves 84 wires. 


Design by A. Rietjens 


HERE are many methods of charg- 
ing a nickel-cadmium battery. The 
method used by the present circuit is 
probably the best: first, discharge the 
battery, then charge it for a certain pe- 
riod, and, finally, trickle-charge it. 





Although there are more chargers that 
operate on this basis, you will rarely 
find one that offers continuous adjust- 
ment, over a wide range, of the battery 
capacity and the average charging cur- 
rent. That is a feature uniquely offered 











by the present charger, which enables 
you to charge a wide variety of batter- 
ies. It must be noted, however, that the 
batteries which are charged at the 
same time must have the same nomi- 
nal capacity. Remarkably, the set 
charge current is achieved by applying 
short pulses at the maximum charging 
current. This ensures good efficiency 
of the charging process, while the com- 
bination with the discharging periods 
helps to counteract the so-called mem- 
ory effect. In addition to controlling the 
charging process, the charger also has 
a monitoring function. The charging of 
a battery is stopped the moment the 
cell voltage rises to a too high value. 


8+1=8 


The block diagram of the microcon- 
troller-driven NiCd battery charger is 
given in Fig. 1. The unit consists, 
broadly speaking, of eight charging cir- 
cuits and a microcontroller. Each 
charging circuit (which is divided into 
a charging and a discharging circuit) 
handles one NiCd cell (1.2-V battery). 
The controller is capable of detecting 
whether a battery is connected or not. 
If so, it checks the condition of that 
battery via analogue inputs BT1-BT8 
and an on-chip A-D converter. If a bat- 
tery is detected that needs to be dis- 
charged first, the discharging function 
of the relevant circuit is enabled with 
the aid of outputs 51-58. Any time a 
battery is sufficiently discharged, the 
associated charging circuit is switched 
off. When all batteries connected are 
discharged, the charging circuits are 
selected and switched to charging. 

The desired charging current and 
the battery capacity are adjusted be- 
forehand by two potentiometers. Like 
the battery voltage, the setting of these 
potentiometers is measured by the A-D 
converter on board the microcon- 
troller. The reset button on the unit is 
used to signal that a set of batteries 
has been installed, and that the charg- 
ing process must begin again. 

Four LEDs indicate what the 
charger is doing. After a reset, the con- 
troller starts by checking all eight bat- 
tery connections. In fact, it checks if a 
battery is present. If so, the next check 
is the level of discharging. During this 
check, the 'CHECK' LED is on. If there 
are batteries that need to be dis- 
charged, this is indicated by the 'DIS- 
CHARGE' LED. Another LED, marked 
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MAIN SPECIFICATIONS 


€ Charges up to eight NiCd batteries (1.2 V) simultaneously. 
€ If necessary, batteries are individually discharged. 

€ individua! monitoring of battery voltage. 

9 Adjustable charging current: 


Ae 
0-200 mA, 0-1 A, or 
0-100 mA, 0-500 mA 
0-10 Ah or 0-5 Ah, or 
0-2.5 Ah 


d 


AVERAGE 
CURRENT 
0..1A 


€ Adjustable capacity: 


CHARGE 


|| DISCHARGE 





micro- 
controller 


|] DISCHARGE 
CHARGE 

|] DISCHARGE 

H CHARGE 


© 
Ei 


920162. 19 











THICKLE Ж 


DISCHARGE 





Fig. 1. Block schematic of the microcon- 
troller-driven NiCd charger. 


'CHARGE lights when all batteries are 
charged. The ‘TRICKLE’ LED, finally, 
lights to indicate that the batteries are 
kept 'topped up' by a trickle-charging 
current. 


Charging/discharging 
current and battery 
voltage 


Neither the charging nor the discharg- 
ing current flows | continuously 
through the battery. This is because 
the current sources are set to fixed val- 
ues. The only way of making the (aver- 
age) current adjustable is, therefore, to 
give current pulses with an adjustable 
pulse duration. To generate these 
pulses, the microcontroller places an 
appropriate pulse on the 'charge' or 
‘discharge’ control line. 

Making the charging current ad- 
justable is not the only reason to opt 
for current pulses: the pauses between 
the pulses allow the microcontroller to 
measure the battery voltage. This can 
be done without losses introduced by 
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4 Trickle charging at 4th of nominal charging current 
€ Charging current indicator (LED) for each battery 


9 Charger state indication using 4 LEDs 
• Microcontroller driven 
9 No adjustments 


wires and contacts, since, theoreti- 
cally, no current flows during the mea- 
surement. One complete cycle (current 
pulse followed by a pause during 
which the battery voltage is measured) 
lasts about 2.5 seconds. 

The different steps into which the 
test procedure may be divided are 
shown in the flow diagram, Fig. 2. 
Each time the procedure is called, the 
voltage on all battery stations (whether 
'occupied' or not) is measured. The 
variable 'BATCOUNT' indicates the 
number of the battery station (connec- 
tion) whose voltage is measured. The 
state of each output is recorded with 
the aid of five variables. Three voltage 
ranges are set up to determine what is 
connected to the battery terminals. If 
the voltage is between 0.5 V and 1.8 V, 
the controller assumes that a battery 
is connected. If the voltage is between 
0.5 V and 1 V, the battery is assumed 
‘flat’. Finally, if the voltage is greater 
than 1.6 V, it is assumed to be too 
high. 

The results are evaluated after these 
three measurements. From a point of 
view of logic, this part of the flow dia- 
gram is not complete. Not shown are 
the small differences in the charging 
level assessment, which depend on the 
state of the charger (check; discharge; 
charge or trickle). For instance, while 
in 'charge' mode, it is not necessary to 
check if the batteries are discharged, 
since that has already been done. Once 
the state of a battery at one of the ter- 
minals has been measured, the soft- 
ware continues with the next one, until 
all have been checked. Only then does 
the next charging cycle begin, taking 
into account the result of the test rou- 
tines for each individual battery. 


16 current sources and 
one microcontroller 


Before discussing the complete circuit 
diagram, we first examine the opera- 
tion of one charging/discharging cir- 
cuit — see Fig. 3. Transistors T25 and 





T28 are common to all eight charg- 
ing/discharging circuits, and serve to 
switch between these two functions. 
Each circuit is individually switched 
on and off by the 'select' line. The bat- 


BATTCOUNT = 1 
SET NOBATT 


SET ALL, DISCHARGED 


RESET DISCHARGED 
RESET OVERVOLTAGE 
MEASURE BATTERY 


0V5 « VOLTAGE < 1У8 RESET NOBATT 
NO 


VOLTAGE < 1V SET DISCHARGED 
чо سال‎ 
VOLTAGE < 1У6 SET OVERVOLTAGE 


NO 


=F 
NOBATT ? 

NO 

NO 


OVERVOLTAGE ? 
һе RESET SELECTION 


INC BATTCOUNT 
LAST BATTERY ? 
YES 
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Fig. 2. The state of each battery is continu- 
ously checked during the entire charging op- 
eration. 
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Fig. 3. Basic charging/discharging circuit. 
The unit has eight of these. 


tery voltage is measured by the micro- 
controller via filter К5-Сі. To discharge 
the battery, the ‘select’ and ‘discharge’ 
lines have to be high simultaneously. 
The discharging current then flows via 
resistor R3 (which limits the current to 
about 1 A), and MOSFETs Ті and T27. 

If the ‘select’ and ‘charge’ lines are 
high, current source Di-T2-R4 is 
switched on, and current is supplied to 
the battery. LED D1 has two functions. 
Firstly, the voltage across it is the ref- 
erence for current source T2. Secondly, 
it serves as a ‘charge’ indicator be- 
cause it flashes when the relevant bat- 
tery is being charged. Dı is a red LED, 
which has a typical voltage drop of 
1.6 V. After subtracting the base-emit- 
ter voltage of T2, this leaves 1 V across 
Ка, so that a current of 1 A flows. This 
constant current leaves the circuit via 
the collector of T2, and is fed to the 
battery. Diode D2 protects T2 against 
excessive voltages. Since D1 is used as 
a reference, it must be a red LED (the 
voltage across LEDs depends on the 
colour). Also, do not use a high-effi- 
ciency type in position D1, since that, 
too, causes an incorrect reference volt- 
age. 
As already mentioned, the battery is 
charged with a current pulse every 
2.5 seconds, which is indicated by the 
LED flashing at the same rate. If the 
LED does not flash, or flashes irregu- 
larly, there is probably something 
wrong with the relevant battery. Do 
note confuse irregular flashing with 
‘slow’ flashing (every 50 s), which indi- 
cates trickle charging. 

The full circuit diagram of the mi- 





Table 1. Range selections 


Capacity 
Capacity 


Charging current 


Charging current $1 open 





crocontroller-driven NiCd charger is 
given in Fig. 4. Controller ІСі is а 
member from the ST62xx family which 
was introduced in Ref. 1. The eight 
charging circuit are divided into two 
groups of four, which are separately 
powered. In this way, the maximum 
load on the charging/discharging cir- 
cuits is limited to 4 A, which is easier 
to handle than the 8 A which would be 
required if all circuits were connected 
to a single supply. 

The division into two groups is also 
found back with T27. To prevent all 
discharge currents flowing through 
this transistor, it is shunted by a sec- 
ond power MOSFET, T26. Each of these 
transistors handles one group of 
charging/discharging circuits, and, 
thus, half the total discharging cur- 
rent. Furthermore, the division into 
two groups comes in handy for the de- 
sign of the printed circuit board, be- 
cause it allows the tracks that carry 
the total charging/discharging current 
to be kept as short as possible. 
Transistor T25 does not need 'assis- 
tance' since it can easily handle the 
current drawn by the eight LEDs in the 
charging circuits on its own. 

Since microcontroller IC1 has a lim- 
ited number of inputs and outputs, the 


JP1 open 


JP1 closed 





$1 closed 


R4R9;R14R19;R24;R29;R34 R39 


0:5 Ah 
0-10 Ah 


0-1A 
0-200 mA 


0-2.5 Ah 
0-5 Ah 


0-500 mA 
0-100 mA 


four modes of the charger (check; dis- 
charge; charge: and trickle) are con- 
veyed to the circuit via two outputs 
only. These two control bits are de- 
coded by demultiplexers IC2a and IC2b. 
The latter controls LEDs D19 (check), 
1320 (discharge), D21 (charge) апа D22 
(trickle). These LEDs indicate the state 
of the charger. [C2b decodes the two 
output bits to control T25, T26 and T27. 
In ‘check’ mode, these three transis- 
tors are switched off, allowing the mi- 
crocontroller to measure the battery 
voltage (remember, no current flows at 
this stage). In ‘discharge’ mode, T26 
and T27 are switched on, while T25 is 
switched on in ‘charge’ as well as in 
‘trickle’ mode. Current pulsing is 
achieved by switching between ‘check’ 
mode on the one hand, апа ‘dis- 
charge’, ‘charge’ or ‘trickle’, on the 
other. 

The charger is adjusted with the aid 
of Рі and P2 (for the ranges, see 
Table 1). Рі enables the battery capac- 
ity, or, more properly, the energy (in 
Ah) put into the battery, to be set. This 
means that the battery charger does 
not compensate the efficiency of the 
charging process. Fortunately, that is 
not a problem because the efficiency of 
the charging process is relatively high 
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Fig. 4. Circuit diagram of the NiCd charger. Most discrete electronics is contained in the charging/discharging circuits. Inside ІСІ lurks a com- 


plete computer system with RAM, ROM and an A-D converter. 
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Fig. 5. The printed circuit board is designed to fit on the SK47/100/SA heatsink. Use a photocopy of the component mounting plan as a tem- 
platye to drill the holes for the power semiconductors. 


by virtue of the high charging current. 
In practice, you will come very close to 
a 'full battery if you set its nominal ca- 
pacity with P1. If, after having used the 
batteries, they appear not to have had 
the full capacity, try setting a higher 
capacity with P1 next time (however, 
do not go higher than 1.4 times the 
nominal capacity). 

The second control, P2, allows the 
average charging current to be set. 


That may appear strange, since the 
current sources pump fixed 1-A pulses 
through the battery, no matter how 
small this is. However, by matching 
the average current to the specification 
of the battery, this is given sufficient 
time to recover from the current pulse. 
Current pulses cause gas bubbles in 
the battery. Although these disappear 
as a result of the chemical reaction set 
off the charging current, this takes 


some time. Since the gas bubbles in- 
crease the pressure inside the battery, 
the amount of gas must be restricted. 
Here, this is achieved by a pause fol- 
lowing each current pulse. 

If you frequently use small batteries 
which seem to have problems with the 
1-A charging current, it is recom- 
mended to change R4 (and its counter- 
parts in the other current sources) 
from 1 О into 2 О. This modification 
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it is essential. The fuseholder holds 
fuse F1. 

The biggest problem in the finishing 
of the unit is probably the battery 
holder. Although holders are available 
эрши тиш шәп кенен for single cells, these are usually suit- 


circuit board 


mica washer 
— 





7 
ЛИ able for internal or recessed mounting 
ый ү ¥ transistor У only. In any case, a multi-battery 
screw Т | | . 
X holder as seen in commercially avail- 
retailers. It may, therefore, be a good 
idea to salvage such a holder from an 
inexpensive (‘no-good-anyway’) battery 
5 A ა ት to the charger via a short cable fitted 
SS აა S КОХ with a plug. Another alternative, al- 
SN \ ა though quite costly, is to use Varta's 
cells; and 501RS for ‘penlights’). 
Whatever solution is found to solve the 
Fig. 6. Illustrating the ‘sandwich’ construction, with the power semiconductors fitted be- battery holder problem, be sure to 
rent sources to compensate losses 
caused by junction resistances. 
Finally, scales are readily made for 


insulating bush. solder falnt able chargers proved impossible to 
charger. Alternatively, join a couple of 

stackable battery holders (Types RSH4 

tween the PCB and the heat-sink. keep the wire connections as short as 
the two potentiometers, since their 


10mm PCB pillar | find as a separate part from electronics 
SS 
SS 555 
WN Y single-cell holders, and connect them 
ჯა 
heatsink ተ ው for ‘mono’ cells; RSH1,8 for ‘baby’ 
possible, since the ability of the cur- 
ranges are linear. 


Operation 


In general, use the nominal capacity of 
the battery to set the capacity on the 
NiCd charger. In virtually all cases, 
that is sufficient to fully charge the 
battery. The same goes, basically, for 
the charging current, which is set in 
accordance with the battery manufac- 
turer's recommendations. Remember, 
however, that low temperatures forbid 
high charging currents. The charging 
current is too high if the battery tem- 
perature runs up to 40 °С at room 
temperature. 

Since the capacity and charging 
current settings are common to all bat- 
teries connected, only batteries with 
equal nominal capacities can be 
charged at the same time. If you hap- 
pen to have a number of batteries with 
different conditions (charging levels), 
remember that the charger does not 
start charging until the last battery is 
discharged. So, if you are in a hurry, it 
may be more economical to first charge 
the most discharged batteries. = 





References: 
1. Maxi micro clock. Elektor Electronics 
July/August 1993. 
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COMPONENTS LIST 


results in current pulses of 500 mA in- 
stead of 1 A (see also Table 1). 

Since the energy to be put into the 
battery is set with the aid of P1, the 
charging time of the battery is easily 
computed by dividing the set capacity 
by the set current. Only if the charging 
current is at or near the maximum, 
you will have to allow for some extra 
time, which goes on account of the mi- 
crocontroller running state checks on 
the batteries. 

Last but not least, the power supply 
of the NiCd charger. The mains trans- 
former is a fairly heavy type with two 
separate 6-V secondary windings, each 
rated at 6-7 A. Here, too, the supply is 
divided into two parts to keep the max- 
imum currents within reason. None 
the less, the rectifier diodes have a 
pretty hard time, and to keep them 
cool they have to be fitted on the 
heatsink, together with the power 
transistors. That is also why TO-220 
style diodes are used. For the rest, the 
power supply is straightforward: 
bridge rectifier, smoothing capacitor 
and a 5-V regulator, IC3, to supply IC1 
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and IC2. A low-drop voltage regulator 
is used because of the relatively low 
transformer secondary voltage (which 
is necessary to keep the dissipation in 
the current sources within limits). 


Construction 


The artwork for the printed circuit 
board is shown in Fig. 5. The PCB is 
designed so that it forms a sandwich 
construction with the heat-sink. The 
power semiconductors are fitted be- 
tween the board and the heat-sink. 
First, however, mount all components 
shown on the PCB overlay (which ex- 
cludes the TO-220 style power transis- 
tors and diodes). It Is best to start with 
the 26 wire links on the board. Use 
fairly thick wire for the links next to K2 
and at the head of С15, since these 
wires carry the full supply current. At 
the track side of the board, fit a 10-kQ 
resistor between pin 1 (+5 V) and pin 5 
(NMI) of IC1. Although this pull-up re- 
sistor should not be required, some of 
our prototypes of the charger did not 
work properly without it. Finally, 


check the populated PCB for errors, 
since these are not so easy to correct 
later. 

To enable the sandwich construc- 
tion to be made, the heat-sink has to 
be drilled and tapped first. Punch holes 
into the heatsink, using a photocopy of 
the component overlay to find the loca- 
tions (check that your photocopier pro- 
duces a copy of exactly 10096). All in 
all, there are 32 holes: four fixing 
holes, and 28 for the power transistors, 
diodes and ІСз. Drill 2.5mm dia, 
15 mm deep, holes. Deburr the holes, 
because the components have to rest 
flat on the heat-sink for optimum heat 
transfer. Next, thread the holes with an 
M3 tap. The depth of the threading is 
about 10 mm. 

Figure 6 shows the position of the 
power components between the heat- 
sink and the PCB. Start by bending the 
component terminals into the shape 
shown. Next, mount each component 
on to the heat-sink, using a 10-mm 
bolt, insulating material and heat 
transfer paste. Make sure that each 
component is fitted the right way 
around, and at the right location. Next, 
run a check on short-circuits between 
the metal tabs and the heat-sink. 
Place the PCB over the components, so 
that the terminals rest against the re- 
spective copper spots. If necessary, 
align the components, and tighten the 
bolts (which are accessible through 
holes in the PCB). Next, solder the ter- 
minals from the side. 

Connect the mains transformer, 
and apply power. LED D19 should light 
immediately. For a further check on 
the circuit, you need a nearly ex- 
hausted battery. Set the nominal ca- 
pacity of this battery with P1, and an 
appropriate charging current with P2. 
Connect the battery to one of the PCB 
terminal blocks. On starting the 
charger by pressing S2, the CHECK 
LED (D19) should light briefly, followed 
by the DISCHARGE LED (020) — pro- 
vided, of course, that the battery is not 
completely discharged. If the battery is 
‘flat’, the ‘CHARGE’ LED lights, and 
also the LED in the charging circuit to 
which the battery is connected. Next, 
all you can do is wait and see if the 
charger keeps to the charging time 
that belongs with the setting (capac- 
ity/charging current) made with Pi 
and P2. Since there are no adjustment 
points in the circuit, it is best to leave 
it working for a while. 

Once the unit works properly, it 
may be finished mechanically. Great 
attention should be given to safety pre- 
cautions for all wires and terminals 
that carry the mains voltage. In this 
respect, it is best to use a mains 
socket with a built-in switch and fuse- 
holder. Note that the switch is not 
drawn in the circuit diagram, although 
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Practical creativity in electronics 
The speed and intensity with which elec- 
tronics penetrates our daily lives at home, 
at work, or in our car, tends to make us 
forget that we can use electronics cre- 
atively by building designs with a practi- 
cal application and having the satisfac- 
tion of a successfully finished project. 
Elektor Electronics, which is distributed 
all over the world, can help you achieve 
these goals. Throughout the year, the 
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Low cost data acquisition for IBM PCs & compatibles 


A unique range of low cost data acquisition products for IBM PCs and compatibles. Installed in 
econds they simply plug directly into either the serial or parallel port. They are completely sel 
ontained, require no external power supply and take up no expansion slots. 

Each device comes with an easy to use software package (PicoScope, PicoLog or both). C, Pascal 
nd Basic drivers are supplied for those who wantto develop their own software, as is a manual giving | 
ull details of the hardware and software. All software supplied on 3.5" disk. : 


U ჩ to 24kHz sampling rate from 
а 386/33МН2 machine 


0-5V Input range 


BNC input connector allows 
use of standard scope probes 


30V overload protection 
Parallel port connection 
Includes PicoScope software 


£49 


15K samples per second 
0-2.5V Input range 
Digital output 
D25 input connector 

ДИ 30V overload protection 
Parallel port connection 
Includes both PicoScope and 


PicoLog software 
11 Channel 10 bit ADC 75 


Up to 18kHz sampling rate 
0-5V Input range 


BNC input connector allows 
use of standard scope probes 


30V overload protection 
Parallelport connection 
Includes both PicoScope and 


PicoLog software 
£85 


Single Channel 12 bit ADC 
ADC-10 | ADC-11 


Typical application 

Oscilloscope 

Voltmeter 

Spectrumanalyser 

Audio sampling 

Chart recorder emulation 

Temperature measurement 
` Pressure measurement 

Chromatography 

Automotive monitoring 

Medical research 


Software selectable single 
ended or differential inputs 


Resolution programmable | 
between8 and 16 bits + sign 


+2.5V input range 

5V reference output 
Connects to serial port 
Includes PicoLog software 


8 Channel 16 bit + sign ADC £99 | 
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Advanced data 
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Universal Programmer 


ሦ Built-in power supply 

V Uses standard pc printer port 
works with notebook and handbook pc's 

"4 PIN-driver expansion can drive up to 256 pins 

ሦ Supports over 1500 ICs:- 
EPROMs, E?PROMs, Bipolars, Flash, Serial PROMs 
Over 150 Microcontrollers - 
PLDs, EPLDs, PEELs, PALs, GALs,FPGAs 
including MACH MAX and MAPL parts 

у Powerful full colour menu driven software 

ሦ Regular updates 


EPROM Programmer 


/ ЕРВОМ5 E2PROMs Flash EPROMs 8748/8751 micros 


/ Fast programming algorithms 9€ 
" . Simple colour menu operation only £1 4 J| 
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MACRO CROSS ASSEMBLERS 
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with linker and library manager £70 
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Map files, 
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Multi Device Programmer 


ሦ EPROMs, E2PROMs, Flash EPROMs, 

V Serial PROMs, PLDs,GALs 

ሦ Intel, Microchip & 2109 Microcontrollers 
V Fast programming algorithms 

Connects direct to pc printer port 


Simple full colour menu software Р 6 25 
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Purley, Reading. 
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Mobile 0836-582785 
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Repair 4th Edition 
4th Edition. 
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European FRANK ВАУ BRENT GAL 
Scrambling 

Systems, Circuits, Tactics & 
Techniques. By John McCormac, 
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decoders, for hackers. £32. 


World Satellite TV & Scrambling 

Methods. 2nd Edition, by Baylin, 

Madox & McCormac for the 

service engineer. £29. 

Home Satellite TV Installation Videotape. 

Forty minutes VHS Pal. See how 3 metre 

dishes are installed. £2 

Satellite Installation Guide. 3rd Edition. 

By John Breeds. £13. 

The Satellite Book. 2nd Edition. A complete 

guide to satellite TV . Theory and practice by 

John Breeds. £31: 

World Satellite Almanac. 3rd Edition by Mark Long. 300 Footprints, 

Frequencies, Transponder Loading, Orbital Assignments. £69. 

World Satellite Annual. Update by Mark Long. £39. 

TVRO System Analysis and Aiming Software. 5.25 or 3.5 disk, (DOS 

3.2). Calculates dish size and lists coordinates of all satellites in view. £39. 

Satellite Toolbox Software, for ІВМ Comp. Hard Disk— 5.25 or 3.5. £59. 

Wireless, Cable & SMATV, Microwave broadcasting & cable TV. £35. 

World Satellite Yearly by Dr. Baylin, Loading and 200 Footprints. £38. 

PRICES INCLUDE P. & P. UK. Airmail Europe add 10%. 
Outside Europe +20%. 








MICRO L LI NEAR 2035 & 2036 
PROGRAMMABLE SINE WAVE GENERATORS 


heML2035 and ML2036 are monolithic 

sine wave generators that are pro- 
grammable from d.c. to 25 kHz and from d.c. 
to 50 kHz respectively. The frequency can be 
set in steps of 0.5 Hz. They are intended pri- 
marily for telecommunications and modem 
applications that need low-cost and accu- 
rate generation of precise test tones, call 
progress tones, and signalling tones. 

The frequency of the sine wave output is 
derived either from an external crystal or clock 
input, thus providing a stable and accurate 
frequency reference. The frequency is pro- 
grammed by a 16-bit serial data word. 

The ML2035 is housed in an 8-pin d.i.p. 
and the ML2036 та 14-bit d.i.p. or a 16-pin 
SO (small outline) case. 

Figure 1 shows the block diagrams of 
the two devices. Both contain a 16-bit shift 
register and associated 16-bit data latch. 
The content of the register determines the 
output frequency via a phase accumulator 
and 512 point sine look-up table, which will 
be reverted to shortly. An 8-bit digital-to- 
analogue (D/A) converter transforms the out- 
put of the phase accumulator into an ana- 
logue voltage that is smoothed by a filter. 
Furthermore, both devices have the facility 


ML2035 


OSC 


PHASE 
ACCUMULATOR 
AND 
512 POINT 
SINE LOOK-UP 
TABLE 


for a power-down mode, which allows the 
digital section to be switched off. To that 
end, the shift register must be loaded with 
zeros and the LATI input connected to +5 V. 
The ML2036 has the further facility of an 
INH(ibit) function, which switches off the 
output when the next zero crossing ofthe sine 
wave is reached. 

Whereas the ML2035 has a fixed output 
level of +2.5 Мур, that of the ML2036 can be 
preset by the combination of the reference 
voltage and the logic state at the GAIN ter- 
minal. If, for instance, the GAIN pin is at 
+5 V (logic high), the peak output voltage is 
equal to the reference voltage (Vo(pp) = 2V ჯი). 
If the GAIN pin is at 0 V (logic low), the peak 
output voltage is equal to Vref / 2, so that 
Votpp) = Vref. 

The ML2036 also has two additional clock 
outputs, fCLKIN / 2 and fCLKIN / 8, a power- 
down input and isolated grounds for its ana- 
logue and digital sections. 

The power requirement for both chips is 
+5 V; the negative voltage is needed for the 
analogue section. 

The digital inputs of both devices are 
TTL/CMOS compatible. 


0 
CRYSTAL 
OSC 


CLKour! O 


ANO 


512 POINT 
SINE LOOK-UP 
TABLE 


PHASE 
ACCUMULATOR 


Waveforms 


Figure 2 illustrates how the devices gener- 
ate the sine waves. А complete sine wave is 
resolved into 221 phases. The 16-bit data 
register decides how many ofthese fractions 
will be enclosed by two successive clocks 
(Fig. 3). In this way, low values in the 16-bit 
register produce low frequencies since many 
of the phases are scanned. High 16-bit values 
result in high frequencies since many phases 
are ‘ignored’. 

The adder and the latch form the phase 
accumulator that contains the actual phase 
status. The accumulator is clocked at fc; qw/4. 
The value stored in the data latch is added 
to the phase accumulator every 4 cycles of 
СІ.Кік. The frequency of the analogue out- 
putis equal tothe rate at which the accumulator 
overflows and is given by: 


fo = ак X (D15 – Do pee 1/ 223. 
Thus, the length of each phase caused by a 
change of 1 in the content of the register is 


given by: 


Af = fCLKIN/ 223. 


ML2036 


5K 
ОР | 
АМР 
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SMOOTHING 
FILTER 

















SID O 


920180-18 





Fig. 1. Block diagrams and pinouts of sine wave generators ML0235 and ML0236. 
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For instance, if the crystal frequency, /C, is 
equal to the clock, fCLKIN of 4.194304 MHz, 


АҒ- 0.5 Hz, 
SHIFT RECISTER and 
fo (max) ^ ÍCLKIN x 216/221 = 32.768 kHz. 


በ6 BITS) 


Only the eight highest valued of the 21 bits 
are processed further; the highest valued 
bit is the polarity symbol. 

Apart from symmetry around the time axis, 
asine wave also has symmetry with respect 
to the peak values of the waveform (Fig. 4). 

This property is used here. With the aid of 

SUM gr ზი?! the second highest bit, the quadrant com- 
plementor translates the 7-bit phase value 
in a manner that a sine look up table with 
values for 128 phase steps between 0 and 1/2 

LEAST CANT suffices to compute the output amplitude. The 
სის პარისი next step in the process is the reemployment 
"Аў ату ке of the polarity symbol to ascertain whether 
a positive or negative half wave must be out- 


QUADRANT zu er. put (sign complementor). After a second out- 
ano „њи HH ТЕ ი” “ა put latch follow the D-A converter and the 
ROM 


A16 Ao 


A20 А5 ADDER 


BINARY 
PHASE ACCUMULATOR 




















ar low-pass filter. 

„ისარი. Owing to the phase quantization nature 
MEMORY weurro PICTORIAL ofthe frequency generator spurious tones can 
გენე сама DE. OR TON be present in the output in the range of 
КЕН ATTI gee —55 dB relative to the fundamental. The en- 
ergy from these tones is included in the sig- 
MPLEMENTOR OUTPUT nal-to-noise+distortion specification. The 
—— ጠጡ frequency ofthese tones can be very close to 
Мај АШУ the fundamental and it is, therefore, not 

мало practical to filter them out. | | 
CONVERTER The sine wave generator comprises a sine 
ШҮ look-uptable, a DAC, апа ап output smooth- 











ing filter. The sine look-up table is addressed 
by the phase accumulator. The DAC is dri- 
ven by the output of the look-up table and gen- 
erates a staircase representation of a sine wave. 

The filter smooths the analogue output by 


SIGNAL 





OUTPUT OF 
AW т removing the high frequency sampling com- 
ponents. The resultant voltage on V ით is a 
SINEWAVE " . . . H 
OUTPUT 920180-16 sinusoid with all distortion components at 


least 45 dB below the fundamental. 

The ML2035 provides a peak sinusoidal 
voltage of £V. / 2. Тһе ML2036 has а Уррр 
input that can be tied to Усс or generated from 
Fig. 2. The functional diagram applies to both devices. an external voltage. With the GAIN input 
equal to a logic 1, the sine wave peak volt- 
age is equal о +Уркр; with the GAIN input equal 
to a logic 0, the peak voltage is+Vppr/2. The 
sine wave output is referred to AGND for the 





each second value 
ი 


no time axis 


low frequency 


4 axes of symmetry 


2^ phases ს. 


(ML203X:ი = 21) each eighth value 


920180-12 





high frequency 920180-11 


Fig. 4. A sinusoidal signal is symmetrical 
not only around the time axis, but also with 
Fig. 3. Sinusoidal signals can be generated from preset digital values. respect to its peak values. 
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Fig. 5. Serial interface timing. 


ML2036 and GND for the ML2035. 

Although the analogue section is designed 
to operate over a range from d.c. to 50 kHz, 
owing to slew rate limitations, the peak-to- 
peak output voltage must be limited to 
V იიი) <(125 kV x Hz) / four. For example, 
on the ML2036 an output of 50 kHz must be 
limited to 2.5 Уру. Since the ML2035 peak- 
to-peak output voltage is equal to Voc, the max- 
imum output frequency must be limited to 
25 kHz for Voc =5 V. Уоџтсап drive 1 КО, 100 pF 
loads and swing to within 1.5 V of Усс and 
Vss, provided the slew rate limitations men- 
tioned above are not exceeded. 

The output offset voltage, Vos, is a func- 
tion of the peak-to-peak output voltage and 
is specified as 25 mV + (+10 x Vour(pp)) max. 
For example, if Vounpp) = 2.5 V, Vos = 50 mV 
max. 

The crystal oscillator generates an accu- 
rate reference clock for the programmable 
frequency generator. 

The internal clock can be generated with 
а crystal or an external clock. 

If a crystalis used, it must be placed be- 
tween CLK, and DGND ofthe ML2036 or GND 
of the ML2035. An on-chip oscillator will 
then generate the internal clock. No other 
external components are required. The crys- 
tal should be a parallel resonant type with 
а frequency between 3 MHz and 12.4 MHz. 
It should be placed physically as close as 
possible to the CLKyy and DGND (or GND). Its 
maximum equivalent series resistance should 
be 15 Q at drive levels of 1-200 uW, or 30 Q 
at drive levels of 10 nW to 1 ИМ. A typical 


Р1.2 


ЕС 80632 
(Dil 40) 


4.194 304 MHz 





Fig. 6. Application of ML2035. 


6 5Vpp 


load capacitance is 18 pF. The maximum 
case capacitance is 7 pF. 

The ML2036 has two clock outputs that 
can be used to drive other external devices. 
The СТ Кот] output is a buffered output from 
the oscillator divided by 2. The СТКоџта out- 
put is a buffered output from the oscillator 
divided by 8. 

The digital interface consists of a shift reg- 
ister and data latch. The serial 16-bit word 
on SID is clocked into a 16-bit shift register 
on leading edges of the serial shift clock, 
SCK. The LSB should be shifted in first and 
the MSB last as shown in Fig. 5. The data that 
has been shifted into the shift register is 
loaded into a 16-bit data latch on the trail- 
ing edge of LATI. To ensure that true data is 
loaded into the data latch from the shift reg- 
ister, LATI trailing edge should occur when 
SCKislow asshownin Fig. 1. LATI should be 
low while shifting data into the shift regis- 
ter to avoid inadvertently entering the power 
down mode as described below. Note that 
all data is entered and latched on edges, not 
levels, of SCK and LATI. 

The power down mode of the ML2035 can 
be selected by entering all zeros into the 
shift register and applying a logic 1 to LATI. 
А zero data detect circuit detects when all 
bits in the shift register are zeros. In this state, 
the power consumption is reduced to about 
11.5 mW, and Vით goes to 0 V. The master 
clock, CLE; can be left active or removed dur- 
ing the power down mode. 

Тһе ML2036 has an inhibit mode and а 
power down which are controlled by the 


0...32768 Hz 


coding selector 


920180-13 


three-level Ppy-INH input. When a logic 1, V13, 
is applied to the Ppy-INH pin, the power down 
modeis entered in the same way as described 
for the ML2035. Also, the ML2036 will be placed 
in the power down mode by applying a logic 
0 to the Ppy-INH pin. 

If Vasto Vas + 5 V, Vio, is applied to the Ppy-INH 
pin, the inhibit mode is entered by shifting 
all zerosintothe shift register and applying 
a logic 1 to the LATI pin. Once the inhibit 
mode is entered, Voy; will complete the last 
half cycle of the sine wave and then be held 
at about Vos, such that no voltage step occurs. 

The analogue circuits in the device are pow- 
егей from +5 V (Vcc to Vss) and are referred 
to AGND. 

The digital circuits in the device are pow- 
ered from 0-5 V (Voc to DGND). 

For the ML2036, it is recommended that 
AGND and DGND be connected together close 
to the device and have a good connection 
back to the power source. 

Itis recommended that the power supplies 
to the device be bypassed by placing decou- 
pling capacitors from Усс to AGND (GND for 
the ML2035) and Vasto AGND (GND for ML2035) 
as physically close to the device as possible. 


Interfacing 


The timing of the serial data input (SID), se- 
rial clock (SCK) and the latch input (LATI) is 
shown in Fig. 5. The leading edge of the 
clock pulses determines the exact instant at 
which the data are transferred from the SID 
tothe shift register, starting with the LSB and 


ИС 80C32 


Viet 
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ML 2036 0...5Vpp 


T 4.194 304 MHz 
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Fig. 7. Block diagram of an ML2036 application. 
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Call us now! We have the widest range of 
components available - At competitive prices! 


С S 


All Major 


SER) 


GDC 2422 V22 bis 24002 wiredial or leased line modem. 
IAL/NEC 96/15 Fast Poll leased ] ine modem 

Racal Milgo 9601 V29 leased ] ine modem with Mux option 
Racal Milgo MPS14.4 leased line modem with Мих option 
Racal Milgo Omnimode 96 single Port leased line modem 
Racal Milgo Omnimode 96 modem with 4 Ch Mux option 

Racal Milgo Sync line drivers SLD1 (Table Top) 

Racal Milgo Sync line drivers 5101 (Rack Mount) 

Racal M1 190 Coml ink IV Rack mount module 

Infotron Miniature Async line drivers Type LD/8 19.2K (New) 
Gandalf LDS 309A Limited Distance modem Table top version 
Gandalf 3309A Limited Distance Modem Rack Mount module 
Spectron Patch Chassis DPU-V24 (16 Channels) 

Spectron Patch Chassis UDPU-2400 (16 Channels) 


t Cards Accepted 


Faxsimile:081 208 1441 


ALL PRICES EXCLUDE VAT. ADD £7.50 PER ITEM FOR CARRIAGE. (UK ONLY) 
EXPORT TERMS BY ARRANGEMENT. EVERY ITEM IS FULLY TESTED PRIOR TO 
DESPATCH AND CARRIES A 90 DAY WARRANTY. INSPECTION OF ANY ITEM 


PRIOR TO ORDER POSSIBLE BY 


ARRANGEMENT. MANY OTHER DATA COMS 


ITEMS AVAILABLE. SEND SAE FOR FULL LISTINGS OF SURPLUS EQUIPMENT 


№ DUBERY ASSOCIATES 


UNIT 1, CHALKCROFT, GREEN STREET GREEN ROAD, 
DARTFORD DA2 8DX FAX 0474 707641 TEL 0474 708111 


ending with the MSB. During the clocking in, 
the LATTis logic low (0 V), but, as the diagram 
shows, it goes high during the last data bit. 
The trailing edge of the LATI pulse enables 
the transfer of the data in the shift register 
to the 16-bit latch. This must happen dur- 
ing the logic low phase of ће clock to prevent 
accidental transfer to the power down state. 
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Applications 


A practical circuit using the ML 2035 is 
shown in Fig. 6. It is used to set the fre- 
quency of an 80C32 microcontroller in steps 
of 0.5 Hz between d.c. and 32 765.5 Hz. Since 
the crystal oscillates in parallel resonance, 
the exact frequency can be set with the trim- 





mer across the crystal. 

The block diagram in Fig. 7 is an audio 
frequency generator with variable output 
level based on ап ML 2036. The Vref output 
of the ML2036 is linked to a D-A converter 
which presets the output level. END 


STEREO MIXER 





The mixer is of modular design so that the constructor can de- 
cide how many inputs should be provided 


936053-12a 


Fig. 1. Circuit diagram of (a) one of the input stages, and (b) the output amplifier. 


Design by Q. Gregory 


block diagram of the mixer is shown 

in Fig. 2. Each input has a matching 
circuit to ensure that the signal source is 
not unduly overloaded. The output of each 
input stage may be adjusted to the re- 
quired level with a (stereo) potentiometer. 
The outputs of all input stages are com- 
bined in а summing amplifier. This ampli- 
fier is provided with a (stereo) potentiometer 
to enable the output level to be matched 
to the sensitivity of the unit to which the 
mixer is connected. 


The circuit 


The circuit ofa single input stage is shown 
in Fig. laand that of the summing ampli- 
fier in Fig. 1b. 

Referring to the left-hand channel (the 
right-hand channel is, of course, identi- 
cal), the input signal is applied to the in- 
verting (-) input ofIC;4. The amplification 
of this stage is u = -CR9/R, 2-1. The minus 
sign indicates that the stage is an invert- 
ing amplifier. The amplification factor, თ, 
may be altered by giving Кә (and, of course, 
Rs) a different value. 

High-frequency interference signals 
are prevented from appearing at the out- 
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Fig. 2. Block diagram of the stereo mixer. 
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Fig. 3. Simplified representation of the 
summing circuit. 








put (pin 1) by decoupling capacitor C}. 
Network R9-C forms a low-pass filter with 
a cut-off frequency of around 100 KHz. If 
the value of Rg is changed, the cut-off fre- 
quency will shift (itis inversely proportional 
to the change in value of R9, that is, if R2 
is doubled in value, the cut-off frequency 
is halved). Itis, therefore, advisable not to 
make Ко too large, otherwise the cut-off fre- 
quency may fall in the audio range (20 Hz 
to 20 kHz). On the other hand, too low a 
value of Ко would shift the cut-off fre- 
quency too far upwards. 

Circuit IC? sums the outputs of all the 
input stages as shown, simplified, in Fig. 3. 
Its output voltage, Up, is given by the for- 
mula: 


Up = (U + Uo + Us ... +04), 


in which nis the number of input stages. 
This formula applies only if all input re- 
sistors, Ку, Во, ... Rn have the same value. 
Inthat case, each ofthe input stages func- 
tions as an inverting x1 amplifier. 

As usual. if the value of the feedback 
resistor, P? in Fig. 1b, is greater than that 
of the input resistor, the gain rises above 
unity. In the present design, the input re- 
sistance (R3 + Ку) = 22 КО, sothat the am- 
plification (Рә / (R3 + R7) can be varied be- 
tween 0 and x2. Asin the input stages, the 
feedback resistor is decoupled by a ca- 
pacitor (C7). 

The output of the mixer is available 
after a series RC network. The capacitor, 
Cg, prevents any direct voltage appearing 
at the output. The resistor, Rg, obviates any 
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tendency to oscillation caused by а ca- 
pacitive load (such as long screened cables). 

The mixer is powered by a regulated * 15 V 
supply that can provide a current of not 
less than 100 mA. 











Fig. 4. Construction is best done on a number of universal boards Мо. UPB1 (see p. 70). At the left, a combination of one stereo input 
stage and the output stage on one board; at the right, two input stages on another board. 
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Fig. 5. This photograph shows the large number of screened cables required. 


Construction 


The prototype has nine stereo input chan- 
nels, but as already stated, this number 
is up to individual requirements. If monau- 
ral inputs are required, replace LI by two 
mono potentiometers. 

The prototype has 10 slide potentiometers 
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(one for the output stage). Oneinput stage 
and the summing amplifier can be built 
on auniversal board (UPB 1) as shown in 
Fig. 4. Further input stages can be built, 
in pairs, on the same type of board. The 
prototype thus uses five of these boards. 

Start by laying the wire bridges. Use sock- 
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Fig. 5. Proposed front panel (scale 1:1) for the stereo mixer. 


ets for the Ics so that these can be re- 
placed easily ifand when required. Use PCB 
pins for all external connections because, 
aswill be seen during the construction, these 
are indispensable at a later stage. 

When all boards and the power supply 
have been constructed, they can be as- 
sembled in a suitable enclosure (the best 
isone with a slanting front panel specially 
designed for mixers). 

The use ofslide potentiometers is strongly 
recommended, because these show at a 
glancethe setting ofeach channel. This type 
of control is dearer than a rotary control 
and it also has the disadvantage of re- 
quiring a slot rather than just a round 
hole. Fit the (slide) potentiometers to the 
front panel on short spacers. 

Next, drill the holes in the rear panel for 
the audio sockets (Fig. 7) and fit the sock- 
ets with their earth terminal at the top. If 
a metal enclosure is used, the sockets 
should be insulated from it to obviate earth 
loops. 

Fit the boards and the power supply in 
the enclosure. Keep the supply as far away 
from the inputs as possible to minimize the 
risk ofmains hum. Fit the mains input cable 
with a strain relief. 

All audio connections must be made in 
screened cable (Fig. 5) to minimize any hum 
pick-up. There are thus four screened ca- 
bles to the potentiometer in each input stage. 
The earth terminal of each stereo poten- 
tiometer must be connected to the screen 
of the cable. Interconnect the screens of 
the left-hand and right-hand channels 
and solder the joints to the ground terminals 
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screened cables, because its wiper is linked 
to one of its other terminals. 
The (already good) signal-to-noise ratio 


on the board. 
The potentiometer in the summing 
amplifier needs to be connected by only two 





Fig. 7. Recommended way of mounting the audio sockets on the rear panel. 
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may be improved further by the use of 
metal film resistors instead of carbon 
types. Also, use conductive-plastic type slide 
potentiometers instead of carbon types. 
Furthermore, it may be necessary to fit the 
power supply in a separate enclosure. 


Testing 


Connect the mixer to a suitable output 
amplifier (and speakers) and apply an 
audio signal to each input in turn. Set the 
master volume control half-way and check 
that the volume of input can be adjusted 
between nil and maximum. 

When this is so, check that the volume of 
the composite signal can be adjusted as 
required with Ро. If the sound increases too 
rapidly, it is likely that this potentiome- 
ter has been connected the wrong way 
around (since this control has a logarith- 
mic characteristic, it can be connected 
correctly in only one way). This error is reme- 
died by connecting the wiper of Рә to the 
other terminal and turning the control 
around (180°). END 


FIGURING IT OUT 


PART 9 - REACTIVE NETWORKS 


By Owen Bishop 


This series is intended to help you with the quantitative aspects of electronic design: 
predicting currents, voltage, waveforms, and other aspects of the behaviour of circuits. 
Our aim is to provide more than just a collection of rule-of-thumb formulas. 

We will explain the underlying electronic theory and, whenever 
appropriate, render some insights into the mathematics involved. 


> month we used complex 
numbers for circuit analysis, 
but reverted to using Pythagoras 
and inverse tangents for evalu- 
ating the final result. What we 
need to do next is to formalize 
this process. We represent a given 
complex number z by a point in 
the complex number plane, quot- 
ing its coordinates (a, b) in the 
form 

z=a «jo. [Eq.55] 
These are rectangular coordi- 
nates, and the complex number 
is said to be expressed in rect- 
angular form. Another way of 
specifying the position of a point 
in a plane is to give its polar co- 
ordinates. The relationship be- 
tween the two kinds of coordi- 
nate is shown in Fig. 77. In this 
figure: 


(Eq. 56] 
[Eq. 57] 


თ =7 008 0; 
b =r sin 0. 


Substituting in Eq. 55 we find: 


2 =r cos Ө + jr sin Ө, 
ог 
z =r (cos Ө + j sin 9). [Eq. 58] 


This is the polar form ofz. The 
only essential pieces of infor- 
mation in this formula are the 
radius r and the angle 0. We adopt 
a shorter way of writing out the 
polar form by quoting r and 6, 
but leaving out the ‘cos’ and 7819), 
which are taken as understood, 
all complex numbers having the 
same format. This leaves us with: 
z=r 28, [Eq. 59] 
which means the same thing as 
Eq. 58, but is much quicker to 
write and much easier to com- 
prehend. In this expression, we 
refer tor as the modulus and to 


IMAGINARY AXIS 
ዛ 





Fig. 


0 as the argument of the com- 
plex number. 


Conversions 


The two final examples last month 
showed how to convert from rect- 
angular form to polar form. Given 
z = а + jb, we calculate: 


r = (a2 + ხ2)1/2 
80 
Ө = tan-1(b/a), 


and write the result in the form 
of Eq. 59. There is a slight prob- 
lem, which is that there are two 
possible values of an inverse tan- 
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gent. These аге 180? apart. А sim- 
ple sketch or inspection of the 
signs ofa and b tells us the quad- 
rant in which z is situated. 

Example: convert 2 = —4 -j5 
into polar form. First find 

r = (42 + 52)12 = 6.40. 
Next, find 

tan-! (-5/-4) = 51.34*. 
But both a and b are negative, so 
the point must be in the third 
quadrant. This means that 
Ө = 180 + 51.34 = 281,342. The 
result: 


z 26.40 ረ231.24”. 


Converting from polar form to 





® = 2 x 104 
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rectangular form uses Eq. 56 and 
57, the result being written in 
the form of Eq. 55. 

Example: convert z 2 50 Z36? 
into rectangular form 

а - 50 cos 36? = 40.45; 

5-50 sin 36° = 29.39. 
Result: 2 = 40.45 +]29.39. 

Most scientific calculators have 
both conversions as built-in pro- 
grams. Their usefulness depends 
on the fact that adding and sub- 
tracting complex numbers is eas- 
ier when they are in rectangular 
form, but multiplying and dividing 
is easier when they are in polar 
form. In the course of an analy- 
sis we may convert from one form 
to the other and back again sev- 
eral times, according to which 
operation is currently required. 

The rule for multiplication is: 
multiply the moduli, sum the 
arguments. 

Example: multiply 4 260° by 
2 2109. Multiply moduli: 4 x 2 = 8. 
Sum the arguments: 
60? + 10? = 70°. Result: 8 270°. 

Conversely, the rule for divi- 
sionis: divide the moduli, find 
the difference between the 
arguments. This short, easily 
remembered form ofthe rule does 
not specify which modulus to di- 
vide by which, or which argu- 
mentto subtract from which, but 
commonsense applies, as in this 
example: divide 6 285° by 2 240°. 
Divide moduli: 6/2 = 8. Difference 
of arguments: 85-40-45. Result: 
9 245°. 


Network analysis 


Figure 78 shows a reactive net- 
work in which we are required 
tofindthe voltages and currents 
for all components. The applied 
signal has a peak value of 200 V 
and the frequency is 3183 Hz. We 
begin by rewriting the capaci- 
tance as a complex impedance: 
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Хс--іС--і50. 


Taking node B to be at 0 V, and 
considering node A at Од V, by 
KCL: 





1, +19 +13 = 0, 
or 
Од 200, ሆል. Ua _ 
40 20 -ጅ0 


since J = U / X for each compo- 
nent. This equation is simplified: 


Од E =5 
40 -1350 


E _ 
—]2000 


_ -j10000 
^ 40-10 


Here we have to divide one com- 

plex number by another: convert 

to polar form and divide: 

_ 10000 2-90° | 
155.24 7775.07? 

= 64416 Z- 14.93?. 


A 


Having found Ua, we know 
the pd across the 20 О resistor 
and the capacitor, but need to 
find the pd across the 40 9 re- 
sistor. Since we are, as usual, tak- 
ing the applied voltage as the ref- 
erence for phase angle, the polar 
form of this is 200./0°. Calculating 
U40: 


U40 = 200 Z0? — 64.416 /—14.93°. 


Here we have to subtract: con- 
vert to rectangular form: 


Us = (200 +}0)—(62.241—}16.596) 
=137.759 + j16.596. 


Convert the result back to polar 
form to express it as a phasor: 


Пло = 138.755 26.869“. 


Now that we have the pd across 
all components, we calculate the 
currents: 


II = (138.755 26.869°)/40 
= 3.4689 /6.869°; 


То = (64.416 /—14.93°)/20 
= 3.2208 ረ--14.997; 


Та = (64.416/—14.93°)/50 Z-90° 
= 1.2883 275.07”. 


If you try to convert a num- 
ber such as -50 into polar form 
with a calculator, you will prob- 
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ably get an error message. This 
is because you are asking the cal- 
culator to evaluate tan-1(—50/0). 
But we know that the —j' means 
*turn 90? clockwise', so the con- 
version may be written out di- 
rectly as 50 /-90°, as in the equa- 
tion for 13. 


j in determinants 


Simultaneous equations that in- 
clude complex numbers can be 
solved by determinants with the 
method explained in Part 4. 
Figure 80 is an example of mesh 
analysis in which we are required 
to find the value of I. The com- 
plex impedances are stated be- 
side each component. 

As usual, we write an equa- 
tion for each mesh, including the 
complex impedances of the ca- 
pacitor and the inductor: 


1,08 j5) — 15 (8) = 50 + j0; 
-I (8) + I9 (8 + 34) = 0. 


The righthand side of the first 
equation expresses the applied 
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voltage in rectangular form. This 
simplifies to just 50. 

Following the technique de- 
scribed in Part 4, we write the 
determinant equation for 71: 


50 -8 
0 Ni 
“ЕБ -8' 
| -8 8+j4 


h= 


The value of the determinant in 
the numerator is 


50 (8 + 14) – 0 = 400 + j200. 


The value of the determinant in 
the denominator is 


(8 —j5) (8 + j4) - 64 
= 84 – j8 – 64 = 20 – j8. 


Multiplying (8 – 15) by (8 + 14) 
could be done after converting 
them to polar form but, with such 
small coefficients, a straightfor- 
ward algebraic multiplication is 
easier. The equation for 7, sim- 
plifies to a quotient: 





Fig. 
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g- 400: j200 
20—38 
441.214Z26.5651? 
` 21.5407ሪ--21.801" 
--20,76ረ48.87" 





We convert to polar form to eval- 
uate the quotient and state the 
result in polar form. The peak 
current in Mesh 1 is 20.76 A, clock- 
wise, leading the applied voltage 
by 48.37°. 

The complex numbers in the 
determinants ofthis example are 
few and simple, but they illus- 
trate the point that determinants 
may include complex numbers 
without altering the essential 
routine of the mesh analysis. 


Thevenin equivalent 


The complex Thevenin equiva- 
lentis calculated in the same way 
as described in Part 3, but using 
complex numbers. Аз an exam- 
ple, we calculate the Thevenin 
voltage, Отн, and impedance, ZTH, 
between terminals А and B ofthe 
network of Fig. 81. In this fig- 
ure, Отн, defined as the open-cir- 
cuit voltage, is the voltage across 
the 4 О resistor and the induc- 
tor; there is no pd across the 2 O 
resistor, because the circuit be- 
tween А and B is open. If 18 the 
current circulating in the loop: 


Отн -1(4-18) 


10 ረ0 
= -— x (44 j3 
4-49-13 წებ 


=12.127 ረ22. 885. 





The reader may like to verify the 
intermediate stages of this cal- 
culation. 

The Thevenin impedance is 
calculated with the second method 
from Part 3, in which we replace 
the voltage source by a short cir- 
cuit and then apply the technique 
of network reduction. The net- 
work is then equivalent to 4 О 
and j3 О in series, in parallel with 
-j2 О, and this is in series with 
20. 


_ (4+)18)C 12) , ა» 
4+ j3-j2 

_ 6-18 

© 4+] 

_ 6-18+8+)12 

>“ 

_ 14-36 

=2፡7 

=9.694 7-37.235?. 


ТН 


+2 
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Filters 


Of all types of circuit, filters are 
those most concerned with the 
effects of varying frequency. 
Consequently, complex numbers 
are invaluable for analysing fil- 
ter circuits. We begin with the 
simplest possible example, a low- 
pass RC passive filter (Fig. 82). 
Treating this as a potential di- 
vider, and assuming that the load 
current is negligible, we arrive 
at the ratio 


Uout/Uin = ХОВ + Хо). [Eq. 60] 


Writing the capacitor reactance 
as a complex number: 


1/4ወር 
წია /წი тя 


Multiplying throughout by jaC: 


Unut/Uin = 1/ GoRC + 1). 
[Eq. 61] 


For example, given that w= 105 
(f = 15,915 Hz), R = 1 КО, and 
C = 10 nF, we find that oRC = 1. 
The expression reduces to 


Uout/ а = V + 1) 
= 1/1.414 „469 
= 0.707 Z-45*. 


The output voltage is reduced to 
0.707 of the input voltage and 
there is a phase lag of 45?. The 
frequency on which this exam- 
ple is based is the --9 dB point of 


სატ 


Fig. 
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the filter. Let us see what hap- 
pens if we double the frequency 
but keep component values un- 
changed. Now, ОКС = 2 and: 


Ор а = 1/ 02 + 1) 
= 1/2.236 263.43° 
=0.447 Z—63.43*. 


The output voltage is smaller, 
showing that this is a low-pass 
filter, and the phase lag is in- 
creased. Note that when the fre- 
quency becomes higher, the ef- 
fect of the ‘1’ in the denominator 
becomes relatively less. Doubling 
of frequency approximately halves 
the output voltage; in other words, 
output falls at the rate of 6 dB 
per octave. 

This technique is for calcu- 
lating output and phase lag for 
any passive RC filter at any fre- 
quency.The same principles are 
applicable to a high-pass filter 
(with R and C interchanged) or 
to an LC filter. 

The performance of the filter 
is affected if there is an appre- 
ciable load on it. In Fig. 83, the 
load resistor is in parallel with 
the capacitor. Their parallel im- 
pedance is 


Zou = Xc/Ry/ (Хо + Ry). 
[Eq. 62] 


Substituting Eq. 62 in Eq. 60: 


Uout/ Uin = ።ጢ/ (R + Zo). 


RL 


Uour , 
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Omitting intermediate steps, we 
arrive at a useful result: 


Пру а = Ма + В/Ву, + jwRO). 
[Eq. 63] 


IfRy is infinitely large, this equa- 
tion reduces to Eq. 61, which 1s 
to be expected. As an example, 
keep other values unaltered and 
make Ry, = 10 КО, with ወ = 105, 
as in the first filter example: 


Ори Uin = V (1 +0.1 + j) 
=1/(1.1+j) 
= 1/1.487 242.27° 
= 0.672 2-42.27°, 


The output voltage and phase lag 
are both reduced slightly by a 
10 КО load. 

The approach used above may 
be applied to the analysis of ac- 
tive filters, in which operational 
amplifiers are employed. The anal- 
ysis is more involved than that 
for a passive filter, but the same 
principles apply and, as far as 
the topic of complex numbers is 
concerned, there is nothing new 
to add. 


R 


Test yourself 


1. Multiply (2 +13) by (5 – j4) in 
rectangular form. Then con- 
vert them both to polar form 
and multiply them in this form. 
Convert the product back to 
the rectangular form to con- 
firm that the ‘multiply/sum’ 
rule is true. 

2. Divide (4 + 17) by (2 – j3) in 
rectangular form. Convert to 
polar form and divide. Convert 
back to rectangular form to 
confirm that the ‘divide/dif- 
ference' rule is true. 

3. Confirm the correctness ofthe 
analysis of Fig. 76 by converting 
the currents into rectangular 
form and checking that 
I =Í + Is. 

4. Find the current passing 
through the resistor in Fig. 78 
(beware inverse tangents). 

5. Given a low-pass filter as in 
Fig. 81, but with R = 1000, 
С =10 uF and f= 400 Hz, cal- 
culate Ок Uin and the phase 
angle. What is the effect of 
feeding the output to a resis- 
tive load of 4 КО? 





OE] 


unl) 


Хс 


О 
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Exponential form 


While on the subject of repre- 
senting complex numbers, the 
exponential form is useful in 
some applications. The relation- 
ship between this and the polar 
form is: 

r 20 = rei. 


In this equation, 0 must be ex- 
pressed in radians. One advan- 
tage of the exponential form is 
that it makes it possible to take 
logarithms of complex numbers. 
Another advantage, more im- 
portant from the electronic point 
of view, is that this form is more 
amenable to the Laplace trans- 
formation. This is a topic that we 
shail deal with in later issue. 
TO BE CONTINUED 


Answers to 

Test yourself (Part 8) 

9-15. 

10-13. 

1.6 –12.6. 

1-18. 

9 +157. 

18-34. 

4-45. 

. 0.466 + 0.086. 

. 0 = 814.2; Хү = 181.42 О; 
Хе =-167.72 Q; Ig = 0.00833U; 
I, = -0.0318U; [с =j0.0148U; 
120.0189U,lagging by 63.9". 
Currents in amperes. 

10.0 = 942.5; Ху = 194.25 О; 

Хс--102.590; Ip =0.008330; 
I, =-j0.0106U; Ic =j0.0443U; 
1=0.03370 leading by 76.1”. 
When Е = 2 s, U = 88.8 mV, 
Т= 2.99 mA. 
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AUTORANGING FREQUENCY 


READOUT 


The frequency meter described here has a maximum input frequency of about 
2 MHz, and is ideal for building into function generators and similar instruments, 
where it gives a far more accurate frequency indication than the traditional 


REQUENCY scales on sine-wave 

generators, function generators 
and pulse generators are usually me- 
chanically coupled, and by no means 
accurate enough for many applica- 
tions. Even if the scale is individually 
calibrated, it is not always easy to ac- 
curately set the desired frequency. Not 
surprisingly, an increasing number of 
generators is fitted with an internal 
frequency meter that functions as a 
frequency scale, or read-out. Today's 
electronics technology allows this to be 
achieved fairly easily. However, build- 
ing a frequency meter into an existing 
generator can throw up some unex- 
pected problems. Lack of space on the 
front panel, for instance, may force 
you to limit the number of display dig- 
its (the present circuit has only four). 
This, in turn, limits the measurement 
range. The obvious solution to this 
problem would appear to switch be- 
tween the ranges. Unfortunately, this 
is not as easy as it sounds, since free 





frequency dial. 


Design by H. Kühne 


contacts on the generators range 
switch are often not available. It is, 
therefore, better to ensure that the dis- 
play circuit operates independently 
from components in the existing in- 
strument. 


The solution 


The usual method of making measure- 
ment instruments select the appropri- 
ate range is based on the most 
significant digit (or digits) on the dis- 
play. If the number is too high, an 
overflow occurs, and a higher range is 
selected. If the number is too low, (for 
instance, nought), a lower range is se- 
lected. Obviously, if this system is 
used, it may take one or several mea- 
surements before the right range is 
found. Apart from the fact that moni- 
toring the most significant digit is 
troublesome from a point of view of de- 
sign (frequency meter ICs are not de- 
signed for this, so that an extensive 


decoder is required), the most annoy- 
ing disadvantage of this method is the 
slow response to changes in the input 
signal frequency. Obviously, if you 
turn the frequency control on a gener- 
ator, you want to see the set frequency 
as quickly as possible. 

The present circuit uses a different 
approach. Essentially, it uses the 
input signal to determine which range 
is most appropriate. This is achieved 
by comparing the period of the input 
signal with three fixed RC times. The 
result of this comparison enables the 
right range to be selected from the 
available four. Actually, the compari- 
son between the period time and the 
RC times takes place every other pe- 
riod of the input signal. This enables 
the circuit to 'know' the input fre- 
quency at practically any instant, and 
to use the value to set the appropriate 
range at the start of a measurement. 


The circuit 


The input signal enters the circuit via 
Schmitt-trigger ICla. The use of a 
Schmitt-trigger gate allows sinusoidal 
and triangular waveforms to be mea- 
sured alongside rectangular signals. 
As long as the input signal is greater 
than 1.7 Урр, the Schmitt-trigger turns 
it into a neat rectangular wave that 
can be used by the frequency display 
without problems. The input signal is 
first divided by two in bistable IC3a to 
enable the period to be measured. The 
output of the bistable is alternately low 
and high, corresponding to the periods 
of the input signal. This signal is used 
to drive the circuit that determines the 
range selection. The range selection 
control consists of bistables IC3b, IC4a 
and ІСаь, electronic switches ТСвр- 
[(:89, and the RC networks with C2-C3- 
C4. If the output of IC3a is logic high, 
the electronic switches are closed, and 
the three capacitors are discharged. As 
soon as the output of IC3a goes low, 
the switches are opened, and the three 
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capacitors are charged at different | | 

rates. Depending on the period of the | MAIN SPECIFICATIONS 
input signal, none, one, two or three | | 
capacitors (C2, Сз, C4) are charged 
until the data input of the bistable | ቁ Four dig LED display | 


connected to each of the capacitors @ Automatic range эшо 


recognizes the voltage level as a logic ( ፡ ast | ~ 2 | 

‘one’. At the end of the period, when | | 2.7. ID 2м 

the output of 1СЗа reverts to high, the | ለርርህ8ር у: |. 26 ppm of readout « 1 dig 
bistables are supplied with a clock sig- | ቁ Drift due to agein : +3 ppm/ year 

nal that serves to record the charging | በ sensitivity: - ეე 17 Von 


level of the three capacitors. Finally, 
the three bistable output signals are 





T1...T4 = BC547 


LD1 LD2 LD3 LD4 
HD11330 HD11330 HD11330 HD11330 





1Hz...2MHz 





















































ІСІ - 4093 

IC3, 1C4, IC5 = 4013 
ІС? - 4098 

IC8 = 4066 

IC9 = 74HCO2 

















* see text 
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Fig. 1. Circuit diagram of the universal frequency readout. 
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Е TEST AND MEASUREMENT 


COMPONENTS LIST 


ი... 
10042 25V radial | 
100በዞ p 


47uF 10V radial 
2nF2 
220nF | 


Semiconductors: 
2 1N4148 
1N4001 
ВС547 | 
4093 | | 
MM74C925 (National . 
_ Semiconductor)’ 162. 
40133 _ € 163 
SPG8651B 
(Seiko-Epson)? ICE — 
4098 | iz . 
4066 ІС8 
749602 169 
7805 | 1፡10 
HD11330 (Siemens)? 1014 


| PCB mount cinch socket. K1 
РСВ terminal block | | D 

| pitch 5mm _ R 

 1O-wayangledPCB |0 
mount pin header plus | 


1 Abacus Electronics Ltd. (0635) 3 


ESD Distribution Ltd. (0279) 62 
Farell Electronic Component 


(0844) 261 188; С-І Electronics 
241877; Viewcom Electronics (081 
2 Abacus Electronics Ltd. (0635) 333 
3 ElectroValue (0784) 442253. | 
Fig. 2. The double-sided and through-plated printed circuit board consists of two sections to | * Maplin Electronics (0702) 

keep the overall size of the readout as small as possible. _ ___ 
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Fig. 3. Suggested front panel design. 


combined, by ІСіс and ፲(:10, into two 
drive signals which are used for the 
actual range selection. 

If the measurement range of a fre- 
quency meter has to be changed, the 
so-called gate time supplied by the 
time base has to be altered accord- 
ingly. The gate time determines how 
long the frequency meter counts peri- 
ods of the input signal and, thus, the 
highest frequency that can be mea- 
sured. The time base is contained in a 
single integrated circuit, ICe, which 
also comprises an accurate quartz 
crystal oscillator and an adjustable di- 
vider. The IC used here, an SPG8651B 
from Seiko-Epson, was introduced 
along with a number of other, similar 
ICs, in an earlier article describing a 
Mini Square-wave Generator (Ref. 1). 

The timebase IC is easily pro- 
grammed with the aid of the two drive 
signals furnished by the range recog- 
nition circuit. The only proviso is that 
a measurement once started must not 
be upset any time the range recogni- 
tion circuit indicates another range. 
This is particularly annoying with fre- 
quencies close to the range limits. To 
prevent problems, two bistables are 
inserted between the range recogni- 
tion and the timebase control inputs. 
These bistables, IC5a and IC5ხ, keep 
the new data supplied by the range 
recognition latched until the fre- 
quency measurement is started again. 
The connection between the bistable 
outputs and IC6 is such that the IC 
supplies a gate signal of 1 ms 
(21 MHz), 10 ms (100 kHz - 1 МН2), 
100 ms (10 kHz - 100 kHz) or 1 5 
(<10 kHz), depending оп the measure- 
ment range required. The outputs of 
IC5a and 1255 also control the decimal 
points on the LED display. The points 
are driven via four NOR gates, [Сэа- 
ІСөа, which ensure that the frequency 
is always displayed in kilohertz (kHz). 

The gate time switch is formed by 
gate ICib. As long as the gate is open, 
the input signal arrives at IC2. The 
MM74C925 contains a  four-digit 
counter, a latch to store the last mea- 
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surement result, and a multi- 
plexer/display driver to put the mea- 
surement result on a readout which 
consists of four 7-segment LED dis- 
plays. The external parts around IC2 
are limited to seven current limiting 
resistors for the display segments, and 
four switching transistors for the mul- 
tiplex control. 

To explain the relation between the 
various sections of the circuit, a de- 
scription follows of the events that 
make up a measurement cycle. The 
cycle starts and ends with a reset 
pulse supplied by monostable IC7ხ. 
This resets the counter in IC2 and the 
dividers in timebase ICe. At the same 
time, the code that represents the last 
used measurement range is clocked 
into bistables IC5a and 1255, and fed to 
the timebase. After the reset pulse, the 
time base IC starts to work again. As 
soon as its output goes high, gate ICib 
is enabled, and the input signal al- 
lowed to reach counter IC2. The output 
of ICe goes low after the measurement 
time has elapsed. Gate ICib then 
blocks the input signal, and IC2 stops 
counting. The logic low level at the 
timebase output is delayed briefly by 
R21-Cis, and then used to trigger 
monostable IC7a. The monostable out- 
put pulse causes the state of the 
counter contained in IC2 to be clocked 
into the internal latch. After a short 
delay introduced by an RC network, 
R23-C17, the negative (trailing) edge of 
this pulse triggers IC7b, which re- 
sponds by generating the reset pulse. 
This closes the measurement cycle. 


Power supply 
consideration 


It would be nice if the frequency dis- 
play could be powered by the equip- 
ment into which it is incorporated. 
Although the supply voltage (if neces- 
sary, via IC10) will not be a problem in 
most cases, the current drain (approx. 
100 mA) could be on the high side. If 
problems are envisaged, it is recom- 
mended to power the frequency display 


from a mains adaptor. This solution is 
both economical and safe. 


The printed circuit board 


The reason for keeping the printed cir- 
cuit board as small as possible is obvi- 
ous: the frequency display is intended 
for incorporating into existing equip- 
ment. Not surprisingly, the PCB is 
double-sided апа  through-plated. 
Furthermore, the PCB consists of two 
sections (display board and main 
board) which are mounted together at 
right angles. This reduces the space 
required for the unit considerably. 
Obviously, it is also possible to mount 
the two boards further apart, and in- 
terconnect them via a length of flatca- 
ble. For the right-angle construction, 
an angled PCB pinheader is mounted 
in position K3, and nothing in position 
Ка. If desired, the displays are inserted 
into a 40-way IC socket. This raises 
the displays above the other parts, and 
allows them to be mounted flush 
against a front panel bezel. When all 
parts have been mounted on to both 
PCBs, the pinheader pins are inserted 
into the holes for K4 on the display 
board. This connection between the 
two boards is secure by virtue of the 
through-plated holes. 


Testing 


Initially, turn the wipers of the three 
presets fully anti-clockwise. Next, 
apply an input signal with a frequency 
of 9.5 kHz. Monitor the voltage at 
pin 13 of IC3, and carefully advance 
Pi. The setting is correct when the 
voltage suddenly goes high. If you have 
the feeling that P1 is set too far, turn 
the wiper back, and start again. Next, 
do the same for P2, at an input fre- 
quency of 95 kHz, measuring the volt- 
age at pin 1 of IC4. The last adjustment 
is P3: input frequency 950 kHz, voltage 
measured at pin 13 of IC4. That com- 
pletes the adjustment, since the time- 


base is factory calibrated. и 
Reference: 
1. Mini Square-wave Generator, 


Elektor Electronics February 1992. 
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MICROWAVE CONTROL PANEL. Mains operated, with touch 
Switches. Complete with 4 digit display, digital clock, and 2 relay 
outputs one for power and one for pulsed power (programmable). 
Ideal for all sorts of precision timer applications etc. Now only £4.00 
ref 4P151. Good experimenters board. 

FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black 
PVC. Five metre length £7.00 ref 7P29R or £2 a metre. 

12V SOLAR CELL. 200ጠል outputideal for trickle charging etc. 300 
mm square. Our price £15.00 ref 15P42R. Gives up ა 
to 15v. 5 
PASSIVE INFRA-RED MOTION SENSOR. Pn 
Complete with daylight sensor, adjustable lights on 
timer (8 secs -15 mins), 50' range with a 90 deg 
coverage. Manual overide facility. Complete with . < 
wall brackets, bulb holders etc. Brand new and >. 
guaranteed. Now only £19.00 ref 19P29 

Pack of two PAR38 bulbs for above unit £12.00 ref 
12Р43К 

VIDEO SENDER UNIT. Transmit both audio and video signals 
from either a video camera, video recorder or computer to any 
standard TV set within a 100' range! (tune TV to a spare channel). 
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref 
5P191R. Turn your camcorder into a cordless camera! 

FM TRANSMITTER Housed in a standard working 13A adapter 
(bug is mains driven). £26.00 ref 26P2R. Good range. ыл 
MINAT URE RADIO TRANSCEIVERS. A pair of walkie ს ki 
talkies with a range of up to 2 kilometres. Units measure d 146 
22x52x 155mm, Complete with cases and еагріесеѕ. £30.00 |" || | 
ref 30P12R I. 
FM CORDLESS MICROPHONE. Small hand held unit 
with a 500' range! 2 transmit power levels. Reqs PP3 battery 
Tuneable to any FM receiver. Our price £15 ref 15P42AR 








FM, AM and LW DX/local switch, tuning 'eye' mains or battery. 
Complete with shoulderstrap and mains lead. £19 ref 19P14R 
ideal for listening all over the world. 

CAR STEREO AND FM RADIO. Low cost stereo system giving 
5 watts per channel. Signal to noise ratio better than 4540, 

wow and flutter less than .3596. Neg earth. £19.00ref 19P30 | 
LOW COST WALIKIE TALKIES. Pair of battery operated 

units with a range of about 200. Our price £8.00 a pair ref "м 
8P50R. Ideal for garden use or as ап educational toy. 

7 CHANNEL GRAPHIC EQUALIZER plus a 60 watt power amp! 
20-21KHZ 4-8R 12- 14v DC negative earth. Cased. £25 ref 25P14R. 
NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref 
4P44R. 2x C's £4.00 ref 4P73R, 4 x D's £9.00 ref 9P12R, 1 x PP3 
£6.00 ref 6P35R Pack of 10 AAA,s £4.00 ref 4P92R. 

TOWERS INTERNATIONAL TRANSISTOR SELECTOR 
GUIDE. The ultimate equivalents book. New ed. £20.00 ref 20P32R. 
GEIGER COUNTER KIT. Complete with tube, PCB and all compo- 
nents to build a battery operated geiger counter. £39.00 ref 39P 1R 
FM BUG KIT. New design with PCB embedded coil. Transmits to 
any FM radio. 9v battery req'd. £5.00 ref 5P158R. 35mm square 
FM BUG Built and tested superior 9v operation £14.00 ref 14P3R 
COMPOSITE VIDEO KITS. These convert composite video into 
separate H sync, V sync and video. 12v DC. £8.00 ref 8P39R. 
SINCLAIR C5 MOTORS. 12v 29A (full load) 3300 rpm 6*x4* 1/4" 
O/P shaft. New. £22.00 ref 20P22R. Limited stocks. 
ELECTRONIC SPEED CONTROL KIT -for C5 motor. PCB and all 
components to build a speed controller (0-95% of speed). Uses 
pulse width modulation. 617.00 ref 17P3R. Potentiometer control. 
SOLARPOWERED NICAD CHARGER. Charges 4 AA nicads in 
8 hours. Brand new and cased £6.00 ref 6P3R. 2xC се model £6.00. 
ACORN DATA RECORDER ALF503. Made for BBC 
computer but suitable for others. Includes mains adapter, 
leads and book. £15.00 ref 15PA3R 

VIDEO TAPES. Three hour superior quality tapes made 
under licence from the famous JVC company. Pack of 10 tapes New 
low price £15.00 ref J15P4 

PHILIPS LASER. 2MW HELIUM NEON LASER TUBE. BRAND 
NEW FULL SPEC £40.00 REF 40P10R. MAINS POWER 
SUPPLY KIT £22.00 REF 22P33R READY BUILT AND 
TESTED LASER IN ONE CASE £75.00 REF 75РАК. 

12 TO 220V INVERTER KIT. As supplied it will handle up to about 
15w at 220v but with a larger transformer it will handle 80 watts. Basic 
kit £12.00 ref 12P17R. Larger transformer £12.00 ref 12P41R. 
WIND UP SOLAR POWERED RADIO! FM/AM Radio takes 
rechargeable batteries. Complete with hand charger and solar 
panel. £14.00 REF 14P200RA. 

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10 
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R. 
FRESNEL MAGNIFYING LENS. 83 x 52mm £1.00 ref BD827R. 
12V 19A TRANSFORMER Ex equipment £20 but OK. 
POWER SUPPLIES Made for the Spectrum plus 2 give %5 ፎጩ 
2A, +12 @700тА & -12 @ SOMA. £8 ref Q8P3 

UNIVERSAL BATTERY CHARGER. Takes AA's, C's, D's and 
PP3 nicads. Holds up to 5 batteries at once. New and cased, mains 
operated. £6.00 ref 6P36R. 

IN CAR POWER SUPPLY. Plugs into cigar socket and gives 
34,5,6,7.5,9, and 12v outputs at 800mA. Complete with universal 
spider plug. £5.00 ref 5P 167R. 

QUICK CUPPA? 12v immersion heater with lead and cigar lighter 
plug £3.00 ref 3P92R. Ideal for tea on the move! 

LED PACK . 50 red, 50 green, 50 yellow ail 5mm £8.00 ref 8P52 
360K 5.25" DISK DRIVE. Industry standard, ideal replacement or 
second drive for most computers. £9.00 EACH ref: X9P1. 

PPC PSU 13.8V 1.9A (not plug in). £10.00 EACH. REF: X10P1. 
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THIS MONTHS 
SPECIAL OFFERS 





SOLAR CELLS 


10 WATT SOLAR CELL 
(3" x 1") 14.5v/700mA 


Now available by mail order 
Coated with exceptionally 
efficient amorphous silicon 
these glass solar cells have 
an almost timeless lifespan 
and will not suffer with 
discolouration. There are 
possibly hundreds of uses 
for these cells, a few of 
which could be: for Car 
Battery Charging, for use 
on Boats or on Caravans, 
in fact anywhere a portable 
12V supply is required. 
Several of our overseas 
Mediterranean customers 
with homes in remote hilly 
sites, use these solar cells 
as a daytime power source 
to backup generators. The 
solar cells can be 
connected in series or 
parallel to give higher 
voltages or larger current 
capacity. REF: EL34P1 


PRICED at only 
£33.95. PLUS an additional 


£2.00 special packaging charge on this 
item in addition to £3.00 PP charge. 


OTHER SOLAR PANELS: 
12V 200mA GLASS SOLAR PANEL. 
12" x 12" in dimension £15.00 EACH. ref: 15Р42. 
.45V 700mA SOLAR CELL. 
silicon plastic encapsulated. 95 x 65 x 7.5mm in dims. 
£3.00 EACH. ref: 3P42. 

.45У 400mA SOLAR CELL. 

silicon plastic encapsulated. 75 x 45 x 7.5mm in dims. 
£2.00 EACH, ref: 2P199. 

-45V 100mA SOLAR CELL. 

silicon plastic encapsulated. 45 x 26 x 7.5mm in dims. 

£1.00 EACH. ref: BD631. 


SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK 













































INDUCTIVE AMPS £5.00 
Made for amplifying a telephone handset for мә 
the hard of hearing. However if you hold опе {А н, 
against a ріесе of wire carrying a telephone 
conversation you can hear both sides of the 
conversation! It can also be used for tracing live 

wires in a wall or detecting cables carring mains 

etc. Fully cased complete with battery and fixing 
strap. Aprox 2.5" diameter 1" thick. 

Our Price :£5.00 Our Ref :ELSP11 






CTM644 COLOUR MONITOR £79.00 
Refurbished monttor suitable for many home 
computers standard RGB input. 

Our Price :£79.00 Our Ref :EL79P11 










ARCHEMEDIES A3000 PSU £10.00 
A compact switch mode PSU with on/off switch, 
selectable voltage input 110/240. NEW O/P via 
fly leads. GOOD STOCKS AVAILABLE. 

Our Price :£10.00 Our Ref :ЕІЛОРІ1 









ANSWERPHONES from only £18.00 
Yes its true BT approved push button dialling. 
These are customer returned units and have two 
faults. We will supply you with a chip to cure one 
fault then you Бауе to sort out the other problem! 
NON RETURNABLE. 

Prices: 

£18.00 each. REF: EL18P21 
£60.00 PKT 4. REF: EL60P21 











PORTABLE ALARM SYSTEM £17.00 
‘PAL’ Portable Multi Beam Scanning System. 
Lockable Stand-alone PIR unit with removable 
keys (3 supplied). This unit uses a PP3 battery 
and when activated emits a piercing SHRILL! The 
unit scans the room and memorises the layout. 
Should this change. the alarm is triggered. There 
15 a 60 second exit delay. 
Our Price :£17.00 Our Ref 









:ELLI7P11 





PIR MOVEMENT DETECTOR £15.00 
Once again we have aquired stocks of this popula 
line and are able to offer you a very high quality 
and professional detector at only **£15**. Range: 
20m with a 90, arc. Day and Night Mode Dims: 
15cm x 9cm x 11cm. New and boxed, complete 
with installation guide. 

Our Price :£15.00 Our Ref :EL15P21 










MANY MORE SPECIAL OFFERS 
IN OUR REGULAR NEWSLETTERS 


WE HAVE HUNDREDS AND HUNDREDS 
MORE STOCK LINES - TOO MANY TO 
CHOOSE FROM 


LIST IN ONE ADVERT ! 
AERIAL AMPLIFIERS FANS 
AEROSOLS FUSES 
ALARMS GLUE GUN AND GLUE 
AMPLIFIED SPEAKERS HEADPHONES 
ANALOGUE MULTIMETERS HEATSHRINK SLEEVING 
APPLIANCE LEADS HIFI SPEAKERS 
BATTERIES AND HOLDERS IONISERS 
BATTERY CHARGERS LED's 
BOOKS LASERS AND LASER PSU's 
BOXES AND CASES LOGIC PROBES 
CAMCORDER BITS LOUD AND MARINE SPKRS 
CAPACITORS MICROPHONES 
CAR AMPS, RADIOS & SPKRS PIR LIGHTS AND DETECTOR: 
CB SPEAKERS AND PSU’s POWERS SUPPLIES 
COMPUTER BITS POWER AMPLIFIERS 
CONNECTORS RADIOS 
DESOLDER PUMP SERVICE AIDS 
DIGITAL MULTIMETERS SOLDERING EQUIPMENT 
DISCO LIGHTING STEAM ENGINES 
DISPLAYS TRANSEIVERS 
DUBBING KIT TRANSFORMERS 

WIRELESS MICROPHONES 


IN SUSSEX? 
CALL IN AND SEE US!! 
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MiniProg U32 


A very portable programmer 
for the PC 


* Uses printer port (LPT1) & Mains 
with standard printer cables 


* Program/Copy - binary file 

* Comprehensive software 

* Supplied in transit/storage case 
* PLCC adapters available 

* Price: £169.50 + VAT 





* UV Eproms from 2716 to 27040 
* Flash from 28F256 to 28F020 

* NVR - 8k x 8 and 32k x 8 

* PCs from XT to 486 & portables 


HCT Electronics 
45 Apsley Way Peterborough РЕЗ УМУ Tel: (0733) 263 127 






















PROGRAMMER & EMULATOR 


A combined eprom programmer and emulator in one case. 

Programs and emulates all commonly used eproms 27(C)64 to 27(C)512. 
A 2764 programmed and verified in 50 secs (seven different algorithms). 
Fast 38400 Baud serial comms, download/upload approx. Skbytes/second. 


PC based software includes, basic editor, saving to disk, offset setting, 
directory & drive setting and controlling programming & emulation. 


CI CI (1 O O 


Auto reset of target option at start of emulation. 
File conversion utilities and command line version included. 


L DL 


5v. supply only, programming voltages generated by internal SMPSU. 
The PROGULATOR: £180 inc. 
Further details from: 

White House Systems Tel: 091-373-4605 
48 South Terrace, Esh Winning, Durham DH7 9PS 
OSCILLOSCOPES IN THE COUNTRY 
TEKTRONIX 7000 SERIES OSCILLOSCOPES ისი! Trace Plugin 


with TB from £200 Many Plugin oplors ava ibe 4 Trace 0 Merentia ссе 
PLUG-INS SOLD SEPERATELY 











DATRON 10614 6.5 dign Алоса' Multiveter 
жп True RMS AC; Current 

DATRON 1085 5.5 dig Autocal Multimeter 
w th AC; DC /Ohms ኣባካ. IEEE 

HEWLETT PACKARD 34904 Benci Mi.lumeter 5 Digit AC; DC: Ohms 
PHILLIPS РМ2534 Multi Function MM 3.5 8.5 digit wth 
GPIB.IEEE 


£1250 


£600 
£200 


Only 5450 
#125 
£150 
£175 
£225 

£70 
£60 


епсу Meter 24304 ТОНАВОМН? 
эсу Meter 2431A 10Hz 200MHz 

MARCONI Uni inter Timer 2437 ዐር 100МН/ 
MARCONI Universa! Counter Timer. 2438 DC · 520M-/ 
BLACK STAR lupıtor 500 Sinc;Sq; Tn 0.147 500KH7 
FEEDBACK FG600 Sine ‘Sq; Tr 0.01Hz LOOKHe 
MULTIMETERS HAND HELD M2355 -32 ranges ACDC 10 Anips Diode. 
Transistor Tester: reg counter £32.50 


FARNELL ELECTRONIC LOAD RB1030 - 35 
1KW 30Amp 35 Volt ........... . .... ...... ..... ....- 


TEKTRONICS 2445 4 Слаппе 


Н.Р. 17154 Dual Tra 
TEKTRONIX 465 Du 
Н.Р, 17404 Dua 
PHILLIPS РМ32 


Н.Р. 86908 Sweep Osc w th 86974 Peug ብ. 26.5 4064; 
RACAL /DANA RF Power Mel 
RACAL/DANA 934 


£300 
£400 
£350 
£900 
£350 


TELEQUIPMENT 083 1) 

GOULD 0830008 Di 

KIKUSUI 5530 Qual Tra 

GOULD 051100 Dua: Tace Зиме 
GOULD 05300 Dual Trace 20Me 7 
GOULD 052508 Dual "race 15МН/ 


THIS 15 JUST A SAMPLE - MANY OTHERS AVAILABLE 


WAYNE KERR 207 
WAYNE KERR 8605 


FARNELL PSL. TYS70MA2. 70V БА, 30V 10А 
FARNEL PSU H60/25 0-60V; 0 26Amps Metered 
FARNEL PSU L3ინ 0 30v; 0.5Amps Metered 
FARNEL B30 

FARNEL 820,’ 


£300 
£400 

£80 
£250 
£200 
£250 
£150 
£300 
#175 
#100 
5200 


PHILLIPS PM5193 Programmable synthesizer/ 
Function Generator 0.1MHZ - 50MHZ IEEE-488. MARCONI 162700 Ur R Brldge. Battery from 
АМО valve Meier VOMT63 

FARNELL 14520 RF Power Amp, 1.5 520MHz ЗОО 
RACAL 9100 Ansorption Wattneter LMH?1GH/ 3W 
TRIO Wow & Futter Meter FL 190 

H.P. 33114 Funct or бел, 0.2Н2 IMM Sine/Sa/Tr £125 


KIKUSUI AVM23 AC voltmeter Qual LOH? 500MH2t £100 


FARNELL ISOLATING TRANSFORMERS 
60500 240V 500A 
Un-Used £50 


[NEW EQUIPMENT 


HAMEG OSCILLOSCOPE НМ 1005 Терје Trace 100МН2. 
De'ay "lmebase m : ነ 
HAMEG OSCILLOSCOPE НМ 604 Dual Trace 60MHZ 
Devay Sweep 
HAMEG OSCILLOSCOPE НМ203.7 Dual Trace 20MMZ 
Comporent Tester 
HAMEG OSCILLOSCOPE НМ205 3 Dual “race 20МҺ2 
Орла Storage 

Ай athe noogis availab е 


Н.Р. 86564 Syntnes zed AM/FM 5 p. Ge 
MARCONI 2022 AM/FM 5 р Сеп 10 
MARCONI 20 


41750 

52000 

ი BUKH? ; 04(0እ*ዘ/ 52000 
BOKH? 520M H7 £950 
вон; 51400 

ыле 20H; ВОНА £950 
£300 
£1500 
£800 
£450 
£300 
£250 
£750 
£150 
£800 


EIP/DANA 341D Micro: 
RACAL 9921 Freau 

Н.Р. 339 Distortion Mei 
RACAL/DANA 1991Narosi 
RACAL 9302 RF Mil vo III 
RACAL 93014 RF Milivorneter True RMS 10862 1,5CII/. 

RACAL 9009 Automatic Мос Meter 10МН/ 1.5GHz W oe Dewal or 
H.P. Pulse Generator type 2148 


ОКНЕ 


2847 
1663 


MARCONI 2610 True RI 
KEITHLEY 224 Programiabie Current Source £1000 
FARNELL Р50520 Syn. AM/FM Sig, Gen 100КН/ 520МН/ £800 
LEADER 155216 АМ/ГМ Sig Gen 2 მიცის 0.1 30MHz & 75 4 MHL . £400 


SPECTRUM ANALYSERS 


H.P. 1417 with 8555A & IF Plug በ 1ОМН/ 180Н/ £1800 
Н.Р, 1411 with 85548 8 85528. 500KH2 1250МН7 £1300 
Н.Р, 140T with 85541 & 85524 500ИН/ 1250MH? £1000 
H.P.141T wi'n 8556A 8 85528 20H? 300KH7 £1000 
Н.Р. 140T with 85536 & 85524 160H7 110MH7 £800 
MARCONI TF2370. 1КН/ 110МН/ £1500 
Н.Р. 182C with 85588 10082 1500МН? £1500 


£362 


£653 
Al osei I0560005 sunpied with 2 proves 





BLACK STAR EQUIPMENT (p&p all units 25) 

APOLLO 10 100MHZ Counter Tver Rat o/Per od "ime Interval etc 

£222 
£325 
£109 
£135 
£178 
£110 
£229 





APOLLO 100 100МН2 is аром more *uncttonsi 
METEOR 100 FRFQLENCY COUNTER 300MHZ 
METEOR 600 FREQLENCY COUNTER 600MH7 
METEOR 1000 FREQUENCY COUNTER “GHZ 
JUPITOR 50€ FUNCTION GENERATOR 0.1 HZ 5OOKHZ. Sire; S/T 
ORION COLOUR BAR GENFRATOR Pai Ту Vloco. 
All otner В ack Star Ecuipment avalab e. 





OSCILLOSCOPE PROBES Svatchabw: xi. x10 РР £3: 


Used Equipment Guaranteed- Manuals supplied if possible 
This s a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for ists. Please check availabillty before ordering CARRIAGE all units £16 


VAT to be added to Total of 60005 and Carrlage 


STEWART of READING 
110 WYKEHAM ROAD, READING, BERKS RG6 IPL 
Telephone: (0734) 268041 Fax (0734) 351696 Callers Welcome 9am-5.30pm Mon-Fri (until 8pm Thurs) 
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Every keen 
constructor 
needs it 


THE 1993-94 


-lectro јаше 


CATALOGUE 


Profusely illustrated, this 140+ page A4 size 
catalogue packs a wealth of information on 
items from the highly sophisticated to 
modest but essential screws, washers and 
wire, etc. With 28 years in personal mail 
order service we know how much you rely 
on quality of goods above everything plus 
back-up service from the supplier i.e. 
ELECTROVALUE. We've got the 
catalogue you want and we deliver the 
goods! 


TO GET YOUR CATALOGUE 

Send cheque or postal order for £1.50 to 
address on coupon or phone your Credit Card 
No. & its expiry date. 

Catalogue comes with two £1. vouch- 
ers, each for spending with orders value 
£10. or more. 


*SHOPSAT 

Egham, Surrey 

28 StJudes Road, Englefield Green. 
(Tel: 0784 434757) 





DISTRIBUTORS FOR 


SIEMENS 
PROFESSIONAL 
ELECTRONIC 
PRODUCTS 
ө 
SEMICONDUCTORS 
e 
OPTO-ELECTRONICS 
e 
FERRITES 
CONNECTORS 
SWITCHES 
CAPACITORS 
INDUCTORS 
ETC 


Burnage, Manchester 
680 Burnage Lane. (Tel: ዐፅ| 4324945) 
*Personal Shoppers, NOT Mail Order 








Your 1993/94 Catalogue please, to | 
Мате, eerte tee abe ე ილეთი | 
(აწია I € —————Á— € | 


Block letters please, and POST CODE | 


І enclose а cheque/postal order for £. . 








f not using coupon please quote this journal when writing 


РОМ САТЕ SWITCH-OVER FOR 


ATARI ST 


Many games, utilities and other application software for the 
Atari ST computer are supplied as ROM/EPROM modules 
(‘cartridges’) of which, unfortunately, only one at a time can be 
connected to the computer. The circuit described here 
overcomes this undoubted shortcoming of an otherwise 
excellent computer. It allows up to five ROM/EPROM modules 
to be connected at the same time, and to be selected by 


software. 


Design by E. Gilissen 


HE circuit diagram of the ROM 

gate switch-over, Figure 1, is of an 
elegant simplicity. It can be function- 
ally divided into four sub-circuits. 
Firstly, there is the connector that 
links the unit to the Atari's ROM port. 
This connector, shown in the upper 
left-hand corner of the diagram, con- 
sists of contact fingers etched on the 
printed circuit board. Two parallel 
connectors, K8 and K9, are provided to 
allow the unit to be connected to the 
Atari via a cable. 

The second block contains the elec- 
tronics proper, which includes four 8- 
bit bus transceivers (or bus buffers), 
ІСі to IC4, and two 4-to-16 line de- 
coders/demultiplexers, IC5 and ICe. 
Between the bus buffers and the de- 
coders sit a 4-bit 3-state output data 
latch, and five inverters contained in 
ICs. 








The third block consists of the out- 
put connectors, Кі to K5, into which 
the Atari cartridges are inserted. 

The fourth block contains a 7-seg- 
ment LED display which is driven by a 
BCD-to-7-segment latch/decoder/dri- 
ver, ICo. The dashes around this sub- 
circuit indicates that it forms a 
separate unit. The 7-segment LED dis- 
play indicates the number of the car- 
tridge selected by the software. 

The switch-over unit and the car- 
tridges connected to it are powered by 
an inexpensive mains adapter with an 
(unregulated) output voltage between 
6 V and 15 V d.c. 

To protect the host computer to 
which the unit is connected, all bus 
lines are buffered by 74HCT245 de- 
vices. Also, the switch-over unit is 
powered externally, for instance, by an 
external disk drive power supply. 


Since the data flow is unidirectional 
(from the switch-over unit to the com- 
puter only), the G3 (direction) control 
inputs of the databus buffers, IC1 and 
IC2, are normally held at a fixed posi- 
tive level by resistor R2. The buffers 
are enabled via their G3 inputs by a 
low level on the ROM3 or ROMd line. 
The OR function (for logic low levels) is 
provided by diodes D3 and Da. 

The address bus lines are buffered 
by ІСз and 1ር:4. Of the 16 buffers avail- 
able in the two НСТ245 devices, 15 are 
used for the Atari's address lines, and 
one for the КОМЗ line. Buffering of this 
line is essential because of the rela- 
tively high load on it. 

For your reference, the pinning of 
the Atari cartridge (ROM port) connec- 
tor is given in Fig. 2. 

A small modification is required in- 
side the Atari computer. Pin 2 of the 
ROM port connector is disconnected 
from the +5 V supply voltage (Vcc), and 
connected to the PA7 line, which can 
be taken from pin 14 of the sound gen- 
erator IC Type AY8910. After this mod- 
ification, it is no longer possible to 
connect cartridges to the Atari without 
making use of the switch-over unit. If 
you object to this, install a small 
change-over switch that allows car- 
tridge connector pin 2 to be taken to 
Vcc or the PA7 line. 





How it works 


When the circuit is switched on, net- 
work R3-C1 resets the four-bit latch, 
IC7. This results in the circuit starting 
from ‘cartridge 0’. When the РА? line is 
made logic high, the output of IC8a en- 
ables the HCT173 latch via its Gl 
input. At the same time, 1С5 is dis- 
abled by inverter ICsb. When a READ 
operation is performed in the address 
range reserved for ROM3 ($FBxxxx), 
the four least-significant address lines, 
Al to A4, are latched on the rising 
(positive) edge of the КОМЗ signal. 
Because of the pull-up resistors on the 
databus lines, the computer reads a 
dummy value which consists of ‘all 
ones’, i.e., $FFFF. Next, by making 
PA7 logic low, each READ operation in 
the ROM3 or ROM4 address range en- 
ables one of the 74HCT154 decoders, 
which, in turn, translate the 4-bit 
latched data supplied by IC7 into a 
corresponding cartridge select signal. 
The five output signals of each 4-bit bi- 
nary decoder, ROM3.0 to ROM3.4 (125), 
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апа КОМА. to КОМА 4 (IC6), are taken 
іп pairs to the five cartridge connec- 
tors on the board. The cartridge selec- 
tion is unique, that is, only one 
cartridge at a time is effectively con- 
nected to the Atari host computer. 
Inverters ІСва and [С buffer the LDS 
and UDS signals respectively. These 
signals are found back as BLDS and 
BUDS on each of the cartridge connec- 
tors. 

The last part of the circuit to be dis- 
cussed is the power-on enable switch, 


N 
N 


ШШ 








Circuit diagram of the ROM switch-over for Atari ST computers. 


T1-T2. The function of this subcircuit 
is to ensure that the ICs on the switch- 
over unit are not powered before the 
Atari computer is switched on. This is 
achieved by making use of a switching 
voltage, «УА, taken from pin 1 of the 
cartridge connector. Likewise, the 
transistor switch also ensures that the 
ICs on the switch-over unit are cut off 
when the Atari is switched off. This 
happens despite the fact that the 
power supply of the switch-over unit is 
still on. 
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Construction 


The printed circuit board for this pro- 
ject is double-sided, through plated, 
and, fortunately, available ready-made 
through our Readers Services. The art- 
work is given in Fig. 4. Because of the 
high density of the tracks on this 
board, it is not easily reproduced with 
hobby 10015. We therefore strongly гес- 
ommend buying this board ready- 
made. 

The board consists of two sections: 


во COMPUTERS AND MICROPROCESSORS 


1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 


2 4 6 8 10 12 14 16 18 20 22 24 26 26 30 32 34 36 38 40 


1 - +5VDC 

2 – +5V0C 

3 - Data 14 
4 - Data 15 
5 - Data 12 
6 - Data 13 
7 - Data 10 


8 - Data 11 

9 – Data 8 
10 - Data 9 
11 - Data 6 
12 - Data 7 
13 - Data 4 
14 - Data 5 
15 - Data 2 
16 - Data 3 
17 - Data 0 
18 - Data 1 
19 - Address 13 


20 - Address 15 

21 - Address 8 

22 - Address 14 

23 - Address 7 

24 - Address 9 

25 — Address 6 

26 - Address 10 

27 - Address 5 

28 - Address 12 

29 – Address 11 

30 – Address 4 

31 - ROM Select 3 

32 - Address 3 

33 - ROM Select 4 

34 - Address 2 

35 - Upper Data Strobe 
36 - Address 1 

37 - Lower Data Strobe 


38..40- Ground 


930005 - 12 





Fig. 2. Pinning of the ROM port (also called cartridge port) connector on the Atari ST com- 


puter. 


main board and display board. These 
are easily separated by cutting the two 
pieces of circuit board that hold them 
together. Next, the four ‘humps’ on the 
board sides are removed with a couple 


In GFABASIC: 


~XBIOS(30, 128) 


of strokes with a file. 

Connectors Ks апа Ко are optional, 
since they serve to connect the board 
to the Atari via a short length of flatca- 
ble. This is achieved by cutting the 


lenable HCT173 latch. 


~PEEK(&HFBO000+(romno%*2) Idummy read to base address 


| -XBIOS(29,127) C 


C68000 machine language: 


Mer auter of port to зе ег | 


#1, 00 
ძ0,-(მ7) 


+ (cartridge по.%2). 
| Idisable НСТ173 latch. 





isave on stack 


#51Е0080,-(а7) 
#14 

$ЕВ0000, а0 | 
4(a7),d0 | 
0(a0,d0.w), dO 





#510007፻,(87) 
#14 
#6,მ7 


;parameter + по. xbios. 
;XBIOS. 


05856 address. | 


;move DO to ins again. 


ummy (599. 


ል previous parameters. E 


;XBIOS. 





;both М and L L equal t to An. _ 


Fig. 3. Examples of cartridge selection under software control. 


board between Ks апа Кө, and fitting 
40-way pin headers in the connector 
positions. These headers are linked by 
a flatcable fitted with a 40-way IDC 
('press-on') socket at either end. If re- 
mote connection is not required, sim- 
ply leave the main board whole, and 
omit Ks апа Кэ. 

The first thing to do after separating 
the display board from the main board 
is to change four of the five Atari car- 
tridge connectors from angled pin 
types into straight pin types. The latter 
are, apparently, not available. 
Straighten the 40 pins on each con- 
nector carefully with the aid of a pair 
of precision pliers. Obviously, not all 
five connectors need to be fitted if you 
never plan to fit five cartridges. 

Connector К5 remains ап angled pin 
type to allow cartridges for horizontal 
mounting to be used, too. 

Start the construction with the dis- 
play board. The LED display is best in- 
serted into a socket made from two 
5-pin sockets cut from a longer strip. 
The display board is mounted at right 
angles to the main board with the aid 
of an angled pin header (Кв-К?) cut to 
a length of six pins. If you can not get 
hold of such a connector, six left over 
resistor wires, bent at 90?, will do 
equally well. 

The construction of the main board 
will take a little more time. Start by fit- 
ting the small components, i.e., the 
diodes, resistors, resistor networks, 
capacitors, the voltage regulator and 
the transistors. Next, fit sockets for all 
ICs, taking good care to observe the 
orientation indicated by the compo- 
nent overlay. Finally, mount the car- 
tridge connectors. Note that these have 
no PCB orientation notches. 

The 3-mm holes in the main board 
may be used to insert plastic PCB 
stand-offs that serve to prevent the 
board from bending downward and ex- 
erting strain on the Atari's cartridge 
connector. 

Having completed the switch-over 
board, you are ready to proceed with 
the РА? signal, which is taken from 
pin 14 of the AY8910 sound generator 
IC. Several options are available, so 
read the following carefully. 

Solder one end of a 40-cm long wire 
either directly to pin 14 of the AY8910, 
or to the corresponding solder island 
at the track side of the computer's 
main board. The latter option requires 
disassembling the computer to gain 
access to the solder side of the main 
board. 

You then have two options: the PA7 
connection may be made (1) via the 
cartridge connector, or (2) via the wire 
described above. 

For option (1): Cut the track that 
leads to pin 2 of the cartridge connec- 
tor in the computer. Reduce the length 
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Testing 


Having checked the work so far for 
short-circuits, cold solder joints and 


MO 00000 


900066 
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Fig. 4b. Component mounting plan. 


РИМ 


incorrectly orientated parts, it is time 
to run a few initial tests. Switch off the 
Atari, and insert the ROM switchover 
unit into the cartridge connector at the 
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K4 ^ 
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.2[000000000 
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side of the computer. Make sure the 
PA7 signal is fed to the switchover 
board — see above for the options. 

Switch on the ROM switch-over 
unit, and then the Atari. If everything 
goes well, the display should indicate 
“0”, which means that the computer 
has access to the cartridge inserted 
into connector Кі. Cartridges contain- 
ing ‘boot-up’ programs should, there- 
fore, be inserted into Кі. 

If this works, switch off the Atari, 
and then the switch-over unit. Next, 
plug your cartridges on to the connec- 
tors on the board. Switch the com- 
puter and the switch-over unit on 
again. 


Software 


As already mentioned, the cartridge 
selection runs under software. Either 
GFA-BASIC or machine code may be 
used for this purpose, and Figure 3 
gives the 'bare bones' software to get 
you going. a 
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E(EPRON 7" 
1GRAMMERS 


Program all current E(E)PROMs. Built-in power supply. No extra 
expansion card needed. Strong compact anodized aluminium 
housing. Connectable to any computer with an RS232 port. 
Any terminal emulator through ASCII command set. 
Menu-driven software for IBM-compatible, FFC format 
converter and updatable database. Manual: English, 
German, French (ЕРР 2 also Spanish). The EPP 2 is 
suitable for 8 Mbit devices although detailed 
specifications of such devices are not yet available. 
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EPP 2 


4 Mbit (8 Mbit) 

300 up 10 19.200 

None, Odd, Even 

None, RTS/CTS, XON/XOFF None, RTS/CTS, XON/XOFF 
Motorola sIf, 52፤ and s3f Motorola sIf, s2f and 534 
ЛЕ. 





specifications — EPP, II 


1 Mbit 
300 up to 19.200 
None, Odd, Even 


Memory size 
Baudrate 
Parity 
Handshake 
Data format 
Socket 
Power 
Weight 
Voltage 
Dimensions 


PRICES: 
EPP_1F: UK £123,00 
EPP_2 : UK £179,00 


28-33 
45 УА 8 УА 

0.630 kg 0.780 ке 

115 оғ 230 VAC 115 оғ 230 УАС 

175 x 103 x 65 mm 175 x 103 x 65 mm 


Why build one yourself if you can buy 'ready-made' at these prices? 

Prices do not include taxes. Delivery exworks. 

* Payment in advance on our Bank ABN/AMRO, Eindhoven, The Netherlands, 
Accountnumber: 52.77.86.284. Swift Address: ABNANL 2A ABN/AMRO Amsterdam. 

ж VISA Card, please add 6%. 

АП payments must be accompanied by full name and address of customer, 

quantity and type of programmer. Delivery within 2 weeks upon receipt of payment. 


Comdis Nederland P.O. box 4945 
5604 CC Eindhoven The Netherlands | VISA 
Tel: +31(0)40- 12 82 17 Fax: +31 (0)40- 12 82 71 
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Motherboards Hard Disk Drives 


386SX~40MHZ £65 |42M8 IDE 14ms £77 
386DX-40MHZ 128K CACHE £98 |85МВ IDE 17ms 
4865Х-25МН2 256K CACHE £149 |130MB IDE 16ms 
4865Х-33МН2 256K CACHE £169 j213MB IDE 14ms 
486DX-33MHZ 256K CACHE £275 |330MB IDE 12ms 
486DX-40MHZ 256K CACHE £295 |420MB IDE 12ms 
486DX2-50MHZ 256K CACHE £310 |520MB IDE 12ms 
486DX-50MHZ 256K CACHE £349 1 СВ SCSI 9ms 
486DX2-66MHZ 256K CACHE £360 


МЕЗА VL-Bus motherboards add £10 Ta pe strea mers 


EISA motherboards please ring 
Jumbo 120MB Tape Streamer 


Add-o n Ca rd S Jumbo 250MB Tape Streamer 
ИО Card 25/16/16 £2 Monitors 


IDE Card 2HD/2FD with Cables £12 

IDE МО Card 2HD/2F D/2S/1P/1G м cables£16 [14" SVGA Colour Monitor (0.28mm) 
106 Caching Card (0k) 4HD/2FD £135 [14" Non-interlaced Colour Monitor 
16-bit Ethernet Card(NE2000) comp ዩ55114" Mono VGA Monitor £89 
32-bit Ethernet Card EISA £159 









5 Cases 
Di S la Cards Deluxe Desktop Case £55 
Mono Card with Printer Port £13 [Mini-Tower Case £59 
Oak 16-bit VGA with 256k £22 |Tower Case £89 


Oak 16-bit VGA with 512k £28 
Oak 16-bit VGA with 1MB £38 
Trident 8900cl 16 bit VGA with 1MB £39 Other Items 


| 102-Koy Keyboard £22 
Floppy Disk Drives 


Mouse (with Software) £12 
БУ” 1.2MB Floppy Disk Drive 


1MBx9 SIMM 70ns £25 
£35 |AMBx9 SIMM 70ns 

3%" 1.44MB Floppy Disk Drive £33 

3%" 1.44MB Floppy with 574" Frame £36 


Please ring for a copy of our FREE catalogue TODAY. 
prices exclude VAT & carr. Access & Visa cards welcome. 


J. P. Distribution 
The Old School, Prickwillow, Tal / Fax (0353 88325) 


Ely, Cambs, CB7 4UN. 
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remote control unit 
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and bench function generators 


Host of new components, including: compression 
trimmers, variable capacitors, connectors, fuses, and 
fuseholders, potentiometers, IC's, soldering irons and 
lead free solder 
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Available from most large newsagents 
or directly from Cirkit 
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copy today! 
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oa 
MIDI 
CHANNEL 
MONITOR 


Design by W. Dunczewski 


С ommunication between electronic mu- 
sicalinstruments and between musical 
instruments and a computer is made pos- 
sible by MIDI (Musical Instrument Digital m- 
terface). Moreover, many other devices, 
such as lights, smoke generators, and 
other ‘tools of the trade’ can be controlled 
by this interface. Clearly, MIDI offers the 
musician a host of new facilities. 
Unfortunately, MIDI also has მ drawback: 
the exchange of commands takes place via 
a few lengths of cable, so that the user can- 
not see what is happening between the vari- 
ous instruments. As long as everything is 
all right, that is no problem. When an error 
occurs, itis quite ajob to locate where it orig- 
inates. In such a situation, the present 
monitor is areal boon. One ofa row of LEDS 
on its front panel shows at which specific 
channel each MIDI command is directed. 


The мігі channel 


Aswill be gathered from the name MIDI, com- 
munication takes place via digital signals. 
In fact, the entire connection is a simple 
current loop in which current pulses flow. 
The data rate at which this happens is 
32 kbit sec-l. At the transmitting end, the 
interface is constructed around an in- 
verting transistor with an open-collector 
output. At the receiving end, the interface 
is based on an optoisolator. 

Modern electronic musical instruments 
are often able to generate sound via vari- 
ous channels; for instance, an expander 
or keyboard can generate sounds simul- 
taneously via several channels. A piano sound 
may be generated via channel 1 and at the 
same time the sound of a trumpet via 
channel 2. In practice, it is thus possible 
to reach various sounds via one MIDI con- 
nection. To ensure that only the wanted 
sound reacts to the command, the MIDI code 
has an integral 4-bit address. This means 
that up to 16 different sounds may be con- 
trolled via one MIDI connection. The user 
has to couple a channel and a sound at the 
receiving end and connect the correct 
channel number to the MIDI command. It 
is here that the present monitor can bea 
great help. 

Broadly speaking, there are four MIDI 
commands: Channel, System Exclusive, 
System Real Time and System Common. 

Only the channel instructions are ad- 


dressed directly to one sound in an in- 
strument. This is done with an address con- 
tained in the code. 

System exclusive commands contain a 
code that refers to the maker and they are 
normally used to send specific data to an 
apparatus. This instruction may be used 
to transfer a complete file from a PC to a 
musical instrument. 

The other two type codes refer to all the 
equipment that is connected to the MIDI. 





There is no doubt that 


electronics, and particularly 
the computer, has become a 
mainstay of much music 
making. The monitor 
described in this article is 
intended primarily for 
musicians who work regularly 
with MIDI instruments and 
computers. 





They fulfil functions associated with the 
synchronization, resetting, starting and stop- 
ping the instruments. 

Channel commands, which contain 
data about key strokes and sound selec- 
tion, are used most frequently. 

The monitor indicates by means of 16 
LEDs which address has been incorpo- 
rated in a channel command. The chan- 
nelinstructions that are intercepted for this 
purpose are: 


code instruction 

$8n note off 

$9n note on 

$An poly key 

$Bn control change 
$Cn programme change 
$Dn channel pressure 
$En pitch wheel 





In this table, the 4-bit address code is in- 
dicated by n. The monitor examines the 
data flow at the MIDI connection, detects 
any channel commands, and extracts the 
channel number from the code. The as- 
sociated LED will then be powered. 

So as not to waste any connections, 
there is also a MIDI through-put. 


The circuit 


The signalfrom the interface is applied to 
the circuit (Fig. 1) and causes a train of 
current pulses at the output of optoisola- 
torIC;. These pulses are reconverted into 
a MIDI signal via buffers IC2¢ and ICor. In 
other words, K,-IC1-IC9¢-ICaj-Kg is the MIDI 
throughput already referred to. 

The current pulses are applied to the 
remainder ofthe circuit via ICoqg and 1С%. 
The buffered signal is applied to the D 
input of ICs and to the base of Tj. This tran- 
sistor ensures that D3 will light as soon as 
MIDI data are applied. Circuit ICs provides 
the serial-to-parallel conversion of the 
8-bit data. The eight outputs of this 1C 
(pins 4-7 and 11-14) are split into two 
nibbles. Four bits contain the data on the 
typeinstruction; theother four (pins 11-14). 
give the channel number. The data con- 
tained in these latter bits are used by de- 
multiplexer IC; to cause one ofthe 16 LEDs 
to light via a transistor. The demultiplexer 
accepts the four bits the instant a pulse 
is applied to its strobe input (pin 1). This 
pulse originates from a time base circuit 
centred on 4 MHz oscillator ICo4, decade 
counter IC3, binary counter IC4 and a few 
gates. The time base is fairly complex be- 
cause the measurement time is 9.5 peri- 
ods. This is unavoidable because the MIDI 
word contains, apart from the 8 data bits, 
astart bit and a stop bit. Therefore, when 
the start bit has been detected, 9.5 peri- 
ods are needed to receive all data. 

The signal at pin 3 of IC3 is the clock sig- 
nal divided by 32, while that at pin 15 lis 
the clock frequency divided by 2048. The 
signal at pin 4 has a frequency of 31.2 kHz. 
This frequency coincides with the baud rate 
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Fig. 1. Circuit diagram of the MID! channel monitor. 
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Fig. 2. Printed-circuit board for the мог channel monitor. 
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Fig. 3. Suggested front panei for the MI0I channel monitor. 
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MIDI CHANNEL MONITOR 


Summary of MIDI codes 


Channel 
The four highest bits of a channel status byte define the com- 
тапа; the four lowest indicate the channel number. 


Эхн Note ом event 
3 bytes 1001nnnn + ОККК КККК + Оууу vvvv 


nnnn 
Channel code 0-15 (i.e, 16 channels available) 


Okkk kkkk 
Key number 0-27 
For all keyboards: middle C = 60 


Оууу vvvv 

Key ом velocity: 0-127 

If the keyboard does not contain velocity sensors, 64 is 
the default value 


8хн Note orF event 
3 bytes 1000nnnn + Okkk kkkk + Ovvv vvvv 


Ovvv vvvv 
key off velocity 


Ахн Polyphonic key pressure 
3 bytes 1010nnn * Okkk kkkk + Ovvv vvvv 


Ovvv vvvv 
Pressure/after-touch value: 0-127 
Тре code is used in the omni mode 


Вхн Control change 
3 bytes 101 1nnnn + Occe cece + Оууу vvvv 


Оссс сссс 

Control address: 0-127 

Apart from the pitche bender (0), these addresses are 
not specified 


Cxg Programme change 
2 bytes 1100nnnn + Oppp pppp 


Оррр РРРР 
Programme number: 0-127 


Пхн Channel pressure 
2 bytes 1101nnnn + Ovvv vvvv 


Ovvv vvvv 
Channel pressure/after-touch: 0-127 
In mono mode: read key instead of channel 


Ехн Pitch wheel change 
3 bytes 1110nnnn * Okkk kkkk + Ovvv vvvv 


System exclusive 

This command, defined to transmit exclusive instructions, 
comprises a header of 2 bytes, data bytes and a terminating 
code of 1 byte. 


Identification code of manufacturer, any value between 
О апа 127; some values are Sequential Systems 014; 
Kawai 40g; Roland 41g; Korg 42ң; Yamaha 43g 


data 


Any block of data bytes with a value of 0-127 intended 
for all channels 
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Е?н 
This END-OF-BLOCK code terminates the command 
(which may also be done with а SYSTEM RESET) 


System real time 

This command enables direct control of the system. 
Applications are synchronization and rhythm system. System 
real time commands are transmitted on all channels. 
Instruments that do not know these commands ignore them. 


Е8н Timing clock іп play 
This clock is sent with the transmitter in play 
mode. The system is synchronized and has a 
frequency of 24 clock pulses per crotchet 
(USA: quarter-note) 


Measure end 
The MEASURE END is sent in place of the TIMING 
CLOCK IN PLAY at the end of each measure. 


Start from 1st measure 

This code is sent directly the PLAY key of the master 
(sequencer or rhythm unit) is pressed. The first 
TIMING CLOCK IN PLAY must be sent within 5 ms after 
this command. 


Continue start 

This code is sent when the CONTINUE knob on the 
master is used. A sequence is repeated from the 
point where the latest TIMING CLOCK IN PLAY was 
received. The next TIMING CLOCK IN PLAY must be 
sent within 5 ms. 


Timing clock in end 

This clock is generated when the master is in the 
wait mode; it is used to lock a PLL (phase-locked 
loop) in the interval when the PLL must provide the 
timing. 


FEg Active sensing 


System common 
These data are intended for all instruments on all channels. 


Flg Undefined 


ጅ28 Measure information 

3 bytes Е2н + Отит mmmm (MSB) + Ommm mmmm 
(LSB) 
The two data bytes code the number of the 
measure in al4-bit code. 


Song select 

ЕЗн + (0585 ssss 

This 7-bit code contains the song number (0-127) 

Undefined 

Undefined 

Tune request 

Initializes the voice routines of the synthesizer. 
System reset 


This command enables the entire system to be reset. 


ጅ፻ክ SYSTEM RESET 
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of the MIDI signal. This signal is, there- 
fore, used to clock ICs. The leading edge 
of the signal coincides with the centre of 
the MIDI word and is used to sample the 
data. 

The frequency of the signal at pin 15 is 
l/jgofthat at pin 4. This means that pin 15 
goes high after pin 4 has output 8 pulses. 
The remaining 11/3 period is obtained by 
adding 6 pulses from pin 3 to the half-pe- 
riod at pin 15. 

The entire operation is summarized in 
the timing diagram in Fig. 5. 

As soon as pins 3 and 15 are high, the 
output of ICgq also goes high and is used 
to clock IC4. At the sixth clock pulse after 
thereset input has been enabled, pin 5 of 
IC, goes high. At the next leading edge in 
the MIDI signal, the output of ICg4 goes 
high. Depending on the level at the out- 
put of decoder 1Сва Све, the clock pulse 
is passed to ІС?. In practice, this means 
that when the high nibble of the input 
MIDI code is $8, $9, $A, $B, $C, $D or $E, 
the clock pulse is passed to IC7. All MIDI 
codes containing an address have then been 
decoded. 

After pin 5 ofIC4 has become logic high, 
theenable input ofthis counter is blocked 
and ICs is reset. Circuit IC4 is reset when 
the output of ICoq goes high, whereupon 
a fresh measurement period starts. 

As soon as the 4-bit channel code has 
been stored in IC7, the output associated 
with that code will go high. The transis- 
tor connected to that output is switched 
onandthe associated LED lights. Since the 
data often are ofvery short duration, elec- 
trolytic capacitors shunt the transistors. 
These ensure that the LEDs are quenched 
slowly to show more clearly which chan- 
nel was accessed. Ifthe time the LED lights 
is considered too short, the value ofthe ca- 
pacitor may be enlarged up to 220 uF. 

The power supply, derived from a mains 
adaptor (7.5-20 V) is straightforward: 02 
protects against reverse polarity and ІСо 




















Fig. 4. This inside view of the MIDI 
channel monitor shows the lay- 
out of the board and the various 
connectors as well as the inter- 
wiring. 


holds the supply voltage at 5 V. 


Construction 


The monitor is best built on the printed- 
circuit board in Fig. 2. First connect the 
wire bridges, followed by the passive com- 
ponents. After the LEDs have been sol- 
dered into place, bend them at right an- 
gles so that they can protrude nicely 
through the holes in the front panel. Itis, 
of course, good practice to ensure that the 
height of all LEDs above the board is the 
same. 

Normally, [Со does not need to be cooled 
and can be mounted directly on to the 
board. After the other Ics have also been 
soldered into place, fit the board in а suit- 
able enclosure. Figure 4 shows the con- 
struction of the prototype. 

After the board has been fitted into the 
enclosure, wire up the two DIN connectors 
as shown in Fig. 1. 

Finally, mount two terminals at the 
rear of the enclosure for the input from the 
mains adaptor. Connect these internally 
to the supply pins on the board (0 and +) 


strobe 
ІС? (ріп1) 


clock input 
IC4 (pin14) 








clock input 
IC5 (pin3) 


MIDI - data 
IC5 (pin2) 
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Fig. 5. Timing diagram of the мо! channel monitor. 





and externally to the mains adaptor. 
Linkthe monitor into a MIDI connection, 
connect the mains adaptor to the mains, 
and press one of the keys of the muscial 
instrument. If everything is all right, one 
ofthe 16 LEDs will light to show via which 
channel the communication took place. 
END 
























PARTS LIST 


Resistors: 
Кі, Rag. Rag = 
Во = 1.8 КО 
R= 10М0 
84=1.2:0 
Rs-HRog9- 4700 | 
Кој -Ез = 10 КО 
Ка = 560 | 


2200 


Capacitors: 
Cı, Co = 68 pF 

Ca-Cjg. Cog = 22 LF, 25 V. rad | 
С19-С27= 100 nF v 


| Semiconductors. | 
Dı, D2 = 134001. 

Dg = LED, red, high efficier 
De-Di9 = LED, green | 
1 =В ВС550С 
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To be published іп November 1993 


305 Circuits demonstrates the practical aspects of elec- 
tronics through projects that can be built at home, in a small 
workshop, or in the physics or science department of 
schools and colleges. There are projects for everyone, cov- 
ering Audio & Hi-fi; Computers & Microprocessors; Music 
and Electrophonics; Radio, Television and Communications; 

and Test and Measurement. 
ISBN 0 905705 36 X Price 814.95“ 

SMT Projects by Owen Bishop. This book describes the 
special features of Surface Mount Technology and how to 
work with Surface Mount Devices on the workbench. It in- 
cludes over 20 constructional projects, all of which have 
many useful applications in and around the home and work- 
shop. The projects are selected and designed to take ad- 
vantage ofthe distinctive features of SMT. They introduce 
the beginner to SMT in a practical ‘hands-on’ way without 
requiring expensive special equipment. 

Тһе book is for those who want to know more about sur- 
face mount devices and to gain practical experience of 


PC Based Industrial and Lab, Data 
Acquisition, Control and Measure- 


ment, Instrument Cards 
AD/DA Cards Interface Converters 
Plus Accessories & Software Relay Output Cards 
C.P.U. Boards RS 232 Cards 
Device Programmers Single, 2, 4, 8, 16 Port 
Digital І/О Cards RS 422 Cards 
| EEE 488 Cards Single, 2, 4, 8, Port 
Industrial Chassis PC ROM Disk Cards 
Industrial Control Cards Slot Extender Cards 


Specialist PC & Multimedia Add-on Cards 


PC - Telecommunication Cards 
ოლე ES 


Video/TV - PC - Video/TV Cards 
Sound Cards 


Components 


handling them. 
ISBN 0 905705 35 1 


*Prices for orders received at our Dorchester office before 
15 November 1993 are: 305 Circuits £12.95; SMT Projects 


58.25. 


Orders other than from private customers, for instance, 


Fax Modem Cards 
Voice Recognition Cards 
Voice Digitiser Cards 
Cases 
Floppy Disk Drives 
Hard Disk Drives 


Price £9.95* 


Keyboards 


bookshops, schools, colleges, should be sent to: 


Gazelle Book Services Ltd, Falcon House, Queen Square, 


Lancaster LA1 1RN, England. 


Elektor Electronics (Publishing), PO Box 1414, Dorchester, 


Dorset, England DT2 8YH. 


SWITCHBOARD 


Switchboard allows all PRIVATE READERS of 
Elektor Electronics one FREE advertisement 
of up to 108 characters, including spaces, 
commas, numerals, etc., per month. 

Write the advertisement, which MUST 
relate to electronics, in the coupon on this 
page; it MUST INCLUDE a private telephone 
number or name and address; post office 
boxes are NOT acceptable. 

Elektor Electronics (Publishing) can not ac- 
cept responsibility for any correspondence or 
transaction as a result of a free advertisement 
or of any inaccuracy in the text of such an ad- 
vertisement. 

Advertisements will be placed in the order 
in which they are received. 

Elektor Electronics (Publishing) reserve 
the right to refuse advertisements without 
giving reasons or without returning them. 





WANTED. Metal detector parts and/or info.from 
Elektor Electronics Nov 1981. Project sold by 
Crestway Electronics. Please write to Mr J. Reece, 
12 Railway Cottages, Station Road, Whitstable, 
Kent CT5 1JZ. 


FOR SALE. Eddystone receivers 880 МКИ £25. 
$640 290. 77OR £100, 5940 £190. EA12 £150. 
EC10, others, HRO. Phone Alan оп (0344) 27869. 


WANTED. Copy or buy manualfor Tektronix 465 
oscilloscope. Please write to C. Harding, 16 
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From 40MB to 2.1GB 


Monitors 

Mother Boards 

Cache Controller Cards 
Network Cards 

Tape Back Up Units 


For further information, Product/Price List 


Call Us On: 


Tel: 0902 20267 Fax: 0902 28439 


Roline Systems Ltd, Imex House, 


Imex Business Park, Upper Villiers Street, 


Wolverhampton, West Midlands. WV2 4NU 





Crystal Way, Waterlooville, Hants PO7 8NB. 


WANTED. Circuit diagram for I/O portfor Sinclair 
Spectrum 48K. Will pay. Phone Mark on (0664) 
60764. 


FOR SALE. Ultiboard and Ulticap evaluation 
pack. Two months old. Fully boxed with manuals, 
etc. £249, Phone Martin on (0642) 321 290. 


WANTED. Data books, information sheets, etc. 
Will pay. Phone Robin on (0268) 524 968. 


FOR SALE. Sony SLC30 Beta video recorder 
with 31 LP and 2 cleaning cassettes. £90. Buyer 
collects (from Gravesend, Kent). Phone (0474) 
334 997. 


WANTED. Elektor Electronics magazine issues 
1,2,3,4,5,6,7,9,12,13,14. Goodpricefor clean 
copies. Call Steve on (0462) 454 958. 


FOR SALE. Elektor Electronics 1983-1993. 
Databse disk (DB3) and programs £47.95. Phone 
Garyu on 081 861 2210. 


FOR SALE. 1 Mbx1 80 ns DRAMs, Panasonic 
M4 1С1000-08 or similar. £1.00 each or offers. 
Phone (0933) 650 883 (evenings). 


WANTED. Elektor Electronics 1986, 1987, 1988, 
1989. Please writeto Elektorcal, Р.О. Box 41096, 
Tel Aviv 61410, Israel. 


NEEDED. Satellite receiving system and finan- 
cial aid for peace organization (registered under 
no. 75622822). Please write to Peace Organiz-, 


ation, Dr Lahgon's Compound, Nirmal Kumar 
Jain's Home, Sehore (M.P.) India 466 001. 


Send this coupon to 
Elektor Electronics (Publishing) 
Р.О. Box 1414 
Dorchester DT2 8YH 
England 


Block capitals please — one character to each box 


ELEKTOR ELECTRONICS 10/93 
Name and address MUST be given 





READERS SERVICES 


Except in the USA and Canada, all orders, except for 
subscriptions and past issues (for which see below), 
must be sent BY POST to our Dorchester office using 
the appropriate form opposite. Please note that we 
can not deal with PERSONAL CALLERS, as no stock 
is carried at the editorial and administrative office. 
Readers in the USA and Canada should send orders, 
except for subscriptions (for which see below), to Old 
Colony Sound Lab, Peterborough, whose full address 
is given on the order form opposite. All US$ prices аге 
postpaid to customers in the fifty states except for 
books. Please add $2.00 for the first book and 756 for 
each additional book ordered. Canadians please add 
US$4.50 for the first book, and 750 for each additional 
one. Canadians may expect Canadian duty charges 
on shipments of any items except books. 

ልዘ other customers must add postage and packing 
charges for orders up to £25.00 as follows: UK and 
Eire £1.95; surface mail outside UK £2.45; Europe 
(airmail) £2.95; outside Europe (airmail) £3.70. For or- 
ders over £25.00, but not exceeding £100.00, these 
p&p charges should be doubled. For orders over 
£100.00 in value, p&p charges will be advised. 


SUBSCRIPTIONS & PAST ISSUES 


Subscriptions and past issues, if available, should be 
ordered from Worldwide Subscription Service Ltd, 
Unit 4, Gibbs Reed Farm, Pashley Road, TICE- 
HURST TN5 7HE, England. For subscriptions, use 
the order form on the opposite page. Prices of past is- 
sues (except July/August and December), including 
postage for single copies, are £2.70 (UK and Eire); 
£3.00 (surface mail outside UK); £3.20 (air mail 
Europe); £3.95 (airmail outside Europe). Prices of past 
July/August and December issues, including postage 
for single copies, are £3.75 (UK); £4.00 (surface mail 
outside UK); £4.25 (airmail Europe); and £5.00 (air- 
mail outside Europe). 


PAST ARTICLES 


Photocopies of articles from January 1978 onwards 
can be provided, postage paid, at £1.95 (UK and Eire), 
£2.10 (surface mail outside UK), £2.45 (airmail 
Europe), or £2.70 (airmail outside Europe). In case an 
article is split into instalments, these prices are applic- 
able per instalment. Photocopies may be ordered 
from our editorial and administrative offices. 


СОМРОМЕМТ5 


Components for projects appearing in Elektor Elec- 
tronics are usually available from appropriate advertis- 
ers in this magazine. If difficulties in the supply of 
components are envisaged, a source will normally be 
advised in the article. It should be noted that the 
source(s) given is (are) not exclusive — other suppli- 
ers may also be able to help. 


BOOKS 


For book availability, see advertisement on page 7. 


SHELF BOX 


| 
o 


Elektor Electronics shelf ხ0X........... 22.95: $6.00 
FRONT PANELS 
PROJECT No. Price Price 
(2) (US$) 
Timecode interface 910055-F 8.80 17.60 
Digital function 
generator 910077-F 10.60 21.20 
4-Megabyte printer 
buffer 910110-F 11.45 22.90 
Economy PSU 910111-F 10.60 21.20 
CD Player 910146-F 12.05 24.10 
Measurement amplifier 910144-F 8.80 17.60 
FM tuner 920005-F 13.20 26.40 
4MB printer buffer card 920009-F 8.25 16.50 
LC meter 920012-F 11.45 22.90 
Guitar tuner 920033-F 8.80 17.60 
NICAM decoder 920035-F 8.25 16.50 
12VDC to 240VAC 
inverter 920038-F 16.15 32.30 
Audio DAC 920063-F 10.00 20.00 
Dig. audio/visual system 920022-ዮ1 10.00 20.00 
920022-F2 19.40 38.80 
920022-F3 28.80 57.60 


1.2 GHz multifunction 





А list of all PCBs, software products and front panels available through the Readers Services is 
published in the March, June, September and December issues of Elektor Electronics. 


frequency meter 920095-F 13.80 27.60 
U2400B NiCd battery 

charger 920098-F 8.75 17.50 
Workbench PSU 930033-F 17.00 34.00 
Inexpensive phase meter 930046-F 17.25 34.50 
MIDI channel monitor 930059 Not available 
Ah meter w. digital readout 930068 Not available 
Autoranging frequency 

readout 930034 Not available 


EPROMS / PALS / MICROCONTROLLERS 


Multifunction measurement 


card for PCs (1 x PAL16L8) 561 10.30 20.60 
Video mixer (1 x 2764) 5861 11.75 23.50 
RDS decoder (1 x 2764) 5951 15.30 30.60 
MIDI programme changer 

(1 x 2764) 5961 15.30 30.60 
Logic analyser (IBM inter- 

face) (1 x PAL 16L8) 5971 8.25 16.50 
MIDI-to-CV interface 5981 15.30 30.60 
Multifunction I/0 for PCs 

(1 x PAL 16L8) 5991 8.25 16.50 
Amiga mouse/joystick 

switch (1x GAL 16V8) 6001 8.25 16.50 
Stepper motor board - 1 

(1 x PAL 16L8) 6011 8.25 16.50 
4-Megabyte printer buffer 

(1x 2764) 6041 15.30 30.60 
8751 emulator 

incl. system disk (MSDOS) 6051 29.40 58.80 
Connect 4 (1 x 27C64) 6081 15.30 30.60 
ЕМОМ51 (8051 assembler 

course) (1 х 27256 «disk 1661) 6061 20.00 40.00 
ЕМОМ51 (8051 assembler 

course) (1 x 27256 «disk 1681) 6091 20.00 40.00 
Multi-purpose Z80 card: 

FM tuner (1 x 27C256) 6101 20.00 40.00 
Multi-purpose Z80 card: 

GAL set (2 x GAL 16V8) 6111 11.15 22.30 
Multi-purpose Z80 card: 

BIOS (1 x EPROM 27128) 6121 15.30 30.60 
1.2 GHz multifunction 

frequency meter(1 x 27C256) 6141 11.45 22.90 
Digital audio/visual system 

(1 x 270256) 6171 10.30 20.60 
TV test pattern generator 

(1 x 27256) 6151 13.00 26.00 
DiAV system. Package: 

1 x 27512; 2 x GAL; 1 x 

floppy disk (MSDOS) 6181 30.50 61.00 
PAL test pattern generator 

(1 x GAL 20V8-25) 6211 9.40 18.60 
Watt-hour meter (1 х 27256) 6241 10.00 20.00 
Four fold DAC (1 x GAL) 6251 10.75 21.50 
Multipurpose display decoder 

(1 x 2764) 6261 11.50 23.00 
8751 programmer (1 x 8751) 7061 46.40 92.80 
Microcontroller NiCd charger 

(1 x 5Т62Е15) 7071 10.00 20.00 
Maxi micro clock (clock) 7081 11.50 23.00 
Maxi micro clock (darkroom timer) 7091 11.50 23.00 
Maxi micro clock (cooking timer) 7101 11.50 23.00 
Mini micro clock (clock) 7111 11.50 23.00 
Mini micro clock (darkroom timer) 7121 11.50 23.00 
Mini micro clock (cooking timer) 7131 11.50 23.00 


DISKETTES 


Multifunction measurement 


card (MMC) for PCs 1461 7.65 15.30 
8751 programmer 1471 7.65 15.30 
PT100 thermometer 1481 7.65 15.30 
Logic analyser: IBM software 

on disk, incl. GAL 1491 19.40 38.80 
Logic analyser: Atari software 

on disk (3.5"), incl. GAL 1501 19.40 38.80 
Plotter driver (D. Sijtsma) 1541 11.15 22.30 
/О interface for Atari 1571 7.65 15.30 
Tek/Intel file converter 1581 7.65 15.30 
B/W video digitizer 1591 11.15 22.30 
Timecode interface 1611 7.65 15.30 
RTC for Atari ST 1621 7.65 15.30 
24-bit colour extension 

for video digitizer 1631 11.15 22.30 
PC controlled weather 

station - 3 (supersedes 

disks 1551 and 1561) 1641 7.65 15.30 


8051/8032 Assembler course 


(IBM version) 1661 
8051/8032 Assembler 

course (Atari version) (3.5”) 1681 
AD232 converter 1691 
GAL programmer (3 disks; 

upgrade: June 1993) 1701 
Multi-purpose 280 card 1711 
EPROM emulator II 129 
Fuzzy Control One 1721 
Pascal library for MMC 1751 
Speech/sound memory 1771 
PC-aided transistor tester 1781 


IR receiver and DTMF decoder 


for 80C32 SBC 1791 
І2С opto/relay card 1821 
Video digitizer for PCs 1831 
GAL programmer for Amiga 1841 
І2С alphanumerical display 1851 
Philips preamplifier 1861 
GAL programmer (excl. Opal 

Jr. disks) 1881 
X2404-to-8751 interfacing 1891 


7.65 


7.65 
7.65 


11.15 
7.65 
6.75 
7.75 
9.70 
7.65 
7.50 


9.00 
7.65 
14.50 
11.00 
8.50 
8.50 


10.75 
8.50 





PRINTED CIRCUIT BOARDS 


Printed circuit boards whose number is followed by a 
+ sign are only available in combination with the as- 


sociated software item, and can not be supplied sepa- 
rately. The indicated price includes the software. 


MAY 1993 

FM stereo signal generator 920155 

VHF/UHF receiver 926001 

Philips preamplifier 930003 

Workbench PSU 930033 
920075-1 

JUNE 1993 

Spectrum VU meter 920151 

GAL programmer upgrade 930060 

Digital frequency readout 

for VHF/UHF receiver 926001-2 

Inexpensive phase meter 

- main board 930046 

- meter board 920018 

JULY/AUGUST 1993 

Active 3-way loudspeaker 

system 930016 

Maxi micro clock 930020 


Four-fold DAC for PCs 


SMD soldering station 930065 
VHF-low converter 926087 
ІС bus fuse (5 on 1 РСВ) 934016 
Voice operated recording 934039 
General transformer PCB 934004 
Plant humidity monitor 934031 


Plant humidity monitor (supply) 934032 


SEPTEMBER 1993 

Fuzzy logic multimeter - 1 920049-2 
Linear temperature gauge 920150 
Digital output for CD players 920171 


PC-aided transistor tester 920144 
Harmonic enhancer 930025 
I?C alphanumerical display 

(incl. disk 1851) 930044 
Mini micro clock 930055 
950-1750 MHz converter UPBS-1 
OCTOBER 1993 

Stereo mixer UPBS-1 
MIDI channel monitor 930059 


Ah meter with digital display 930068 
Autoranging frequency 


readout 930034 
ROM-gate switchover for 

Atari ST 930005 
Microntroller-driven NiCd 

battery charger (incl. 

programmed ST62E15) 920162+ 
Fuzzy logic multimeter - 2 

(incl. disk 1721) 920049-1+ 


23.00 
19.00 
7.50 
21.50 
4.70 


13.00 
4.50 


11.50 


9.00 
4.75 


21.50 
15.50 


9.50 
15.50 
8.00 
6.00 
6.50 
4.50 
4.00 


20.00 
7.05 





46.00 
38.00 
15.00 
43.00 

9.40 


26.00 


9.00 


23.00 


18.00 
9.50 


43.00 
31.00 


930040 Kolter Electronic 


19.00 
31.00 
16.00 
12.00 
13.00 

9.00 

8.00 


40.00 
14.10 


Not available 


9.75 
13.50 


14.25 


7.50 
1.95 


1.95 
14.00 
14.00 
12.50 


30.25 


25.50 


23.75 


19.50 
27.00 


28.50 


15.00 
3.90 


3.90 
28.00 
28.00 
25.00 


60.50 


51.00 


47.50 
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Send this order form to * 

Elektor Electronics (Publishing) 
P.O. Box 1414 

Dorchester DT2 8YH 

ENGLAND 


*USA and Canada residents only: use $ prices, 
and send order form to: 

Old Colony Sound Lab, 

P.O. Box 243, Peterborough, NH 03458. 
Tel. (603) 924-6371, 924-6526 

Fax: (603) 924-9467 





diskettes, state the part number and description; for books, state the full title; for photocopies of articles, 
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I Method of payment (see overleaf before ticking as appropriate) 


1 Note: cheques not made out т sterling must be increased by the equivalent of £15.00 
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1 
| LI Giro transfer (our account по. 34 152 3801) 
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Send this form to 
Elektor Electronics, World Wide Subscription Service Ltd, Unit 4, Gibbs Reed Farm, 
Pashley Road, Ticehurst TN5 7HE, England 
10-93 (Registered in the UK under the Data Protection Act, 1984) 
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TERMS OF BUSINESS 


HOW TO PAY 

Unless you have an approved credit account 
with us, all orders must be accompanied by 
the full payment, including postage and pack- 
ing charges as stated on page 70, section 1. 

Payment may be made by cheque drawn 
on a London clearing bank (but see para. 4 
below), postal order, VISA, ACCESS, MAS- 
TERCARD or EUROCARD (when paying by 
credit card, the order must go to [ከር card- 
holder's address). Do not send cash through 
the mail. Cheques and postal orders should be 
crossed and made payable to ‘Elektor Electronics 
(Publishing). 

Payment may also be made by direct trans- 
fer from a private or business Giro account to 
our Giro Account No. 34 152 3801 by com- 
pleting and sending to the National Giro Centre, 
in a National Giro postage paid envelope, a 
National Giro transfer/deposit form. Do not send 
Girotransfers direct to us, as this willdelay your 
order. 

II you live outside the UK, payment may 
also be made by Bankers’ sterling draft drawn 
on a London clearing bank, Eurocheque made 
out in pounds sterling (with holder's guaran- 
tee card number written on the back), or US or 
Canadian dollar cheque, but such cheques, ac- 
cepted at the exchange rate prevailing at the 
time your order is received, must be increased 
by the equivalent of £15.00 to coverour bankers’ 
negotiating fee. 

If you pay by Bankers' sterling draft, make 
clear to the issuing bank that your full name 
and address MUST be communicated to the 
London clearing bank. 

Our bankers are National Westminster 
Bank PLC, 100 High Street, BRENTFORD 


TWS 8AY, England. Our account number is 
4285 0134. 


DELIVERY 
Although every effort will be made to dispatch 
your order within 2-3 weeks from receipt of your 
instructions, we can not guarantee this time scale 
for all orders. 


RETURNS 

Faulty goods or goods sent in error may be re- 
turned for replacement or correction, but not 
before obtaining our consent. All goods re- 
turned should be packed securely in a padded 
bag or box, enclosing a covering letter stating 
the dispatch note number. If the goods are re- 
turned because of a mistake on our part, we 
will refund the return postage. Goods returned 
for refund must be in resalcable condition and 
will be subject to a 1096 handling charge with 
a minimum charge of £2-50. 


DAMAGED GOODS 

Claims for damaged goods must be received at 
our Dorchester office within 10 days (UK); 14 
days (Europe) or 21 days (all other countries) 
from the date on our "Recorded Delivery" slip. 


CANCELLED ORDERS 

АП cancelled orders will be subject to a 10% 
handling charge with a minimum charge of 
£2.50. 


PATENTS 

Patent protection may existin respect of circuits, 
devices, components, and soon, described inour 
booksor magazines. Elektor Electronics (Publishing) 
do not accept responsibility or liability for fail- 


ing to identify such patent or other protection. 


COPYRIGHT 
Alidrawings, photographs, articles, printed-cir- 
cuit boards, EPROMS, and cassettes published in 
our books or magazines (other than in third-party 
advertisements) are copyright and may not be 
reproduced or transmitted in any form or by 
any means, including photocopying and record- 
ing, in whole or in part, without the prior per- 
mission of Elektor Electronics (Publishing) in 
writing. Such written permission must also be 
obtained before any part of these publications 
is stored in a retrieval system of any nature. 
Nothwithstanding the above, printed-circuit 
boards may be produced for private and personal 
use without prior permission. 


LIMITATION OF LIABILITY 

Elektor Electronics (Publishing) shall not be 
liable in contract, tort, or otherwise, for any 
loss or damage suffered by the purchaser what- 
soever or howsoever arising out of, or in con- 
nexion with, the supply of goods or services by 
Elektor Electronics (Publishing) other than to 
supply goods as described or, at the option of 
Elektor Electronics (Publishing), to refund the 
purchaser any money paid in respect of the 
goods. 


LAW 
Any question relating to the supply of goods 
and services by Elektor Electronics (Publishing) 
shall be determined in all respects by the laws 
of England. 

April 1993 


| Annual subscription rates (1994) only may pay in $US cheques. | 
| United Kingdom £27.00 Thestandard subscription order period is twelve months. | 
| Rest of the world (surface mail) £33.00 ቨ a permanent change of address during your subscrip- | 
'AIRMAIL tion period means that copies have to be dispatched by a ! 
| Europe & Eire £34.00 more expensive service, no extra charge will be made. | 
! USA & Canada $57.00 Similarly, no refund will be made, nor expiry date extended, ! 
| Middle East & North Africa £43.00 та change of address allows the use of a cheaper service. | 
| Central & southern Africa £43.00 | 
| Central & South America £43.00 Student applications, which qualify for a 10% (ten per ! 
| Australia & New Zealand £45.00 сеш) reduction in current rates, must be supported by ev- | 
| Far East & South Pacific regions 245-00 idence of studentship signed by the head of the college, ! 
| school or university faculty. | 
| Payment may be made by cheque in sterling drawn | 
| on а London clearing bank (but see below), postal Please note that new subscriptions take about four weeks | 
| order, VISA, ACCESS, MASTERCARD Or EUROCARD (іп which from receipt of order to become effective. 
| case the subscription must be sent to the cardholder's ad- | 
| dress) or by direct transfer to our Giro Account no. 34 Cancelled subscriptions will be subject to a charge of | 
| 152 3801. Do not send cash through the mail. Cheques 25% (twenty-five per cent) of the full subscription price ог | 
| and postal orders should be made payable to ‘Elektor 47.50, whichever is the higher, plus the cost of any issues | 
| Electronics Publishing’. Giro transfers should be made by already dispatched. Subscriptions cannot be cancelled after | 
| completing and sending the appropriate transfer/deposit they have run for six months or more. | 
1 form to the National Giro Centre (UK) or to your national | 
! Giro Centre. Our bankers are National Westminster Bank PLC, Sorting | 
| If you live outside the United Kingdom, payment may Code 60-03-23, 100 High Street, Brentford TW8 8AY, | 
| also be made by Bankers’ sterling draft drawn on a London England. Our account number is 4285 0134. | 
| clearing bank ог Eurocheque. Eurocheques should be i 
! madeoutin pounds sterling and have the holder's guarantee June 19931 
! card number written on the back. | 
| US dollar cheques. Subscribers іп the USA and Canada | 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


THE ORIGINAL SURPLUS WONDERLAND! 





Surpius always 
wanted for cash! 


LOW COST PC SPECIALISTS - ALL EXPANDABLE - ALL PC COMPATIBLE 


8088 XT - PC99 


* 256k RAM - expandable 
to 640k 


* 4.7 Mhz speed 

* 360k 5-1/4" floppy 

* 2 serial & 1 parallel ports 
* MS-DOS 4.01 


Optional FITTED extras: 640K RAM £39. 12" CGA colour 
monitor with card £39. 2nd 5-1/4" 360K floppy £29.95. 20 
mbyte MFM hard drive £99. 


ow £99.00. 


FLOPPY DISK DRIVES 
51/4" from £22.95 - 31/2" from £21.95! 


Massive purchases of standard 51/4" and 31/2" drives enables us 
to present prime product at industry beating low prices! ልዘ units 
(unless stated) are removed from often brand new equipment 
and are fully tested, aligned and shipped to you with a 90 day 
guarantee and operate from standard voltages and are of stand- 
ard size. All are IBM-PC compatible (if 31/2" supported). 
3.5" Panasonic JU363/4 720K or equivalent £29.95(B) 
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only* £29.95(B) 
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop — £29.95(B) 
5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B 
360K. Absolutely standard fits most computers £22.95(B) 
* Data cable included in price. 

Shugart 800/801 SS refurbished & tested 
Shugart 851 double sided refurbished & tested £275.00(E) 
Mitsubishi M2894-63 double sided switchable 

hard or soft sectors- BRAND NEW £250.00(E) 
Dual 8" drives with 2 mbyte capacity housed in a smart case 
with built in power supply! Ideal as exterior drives! £499.00(F) 
End of line purchase scoop! Brand new NEC D2246 8' 85 
megabyte of hard disk storage! Full CPU control and industry 
standard SMD interface. Ultra hispeed transfer and access time 
leaves the good old ST506 interface standing. In mint condition 
and comes complete with manual. Only. £299(E) 


THE AMAZING TELEBOX 


Converts your colour monitor into a 
„ QUALITY COLOUR TV!! 


TV SOUND 
& VIDEO 
TUNER! 


The TELEBOX consists of an attractive fully cased mains 
powered unit, containing all electronics ready to plug into a host 
of video monitors made by manufacturers such as 
MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 
PHILIPS, TATUNG, AMSTRAD and many more. The composite 
video output will also plug directly into most video recorders, 
allowing reception of TV channels not normally receivable on 
most television receivers (TELEBOX MB). Push button controls 
on the front panel allow reception of 8 fully tuneable ‘off а!" ОНЕ 
colour television or video channels. TELEBOX MB covers vir- 
tually all television frequencies VHF and UHF including the 
HYPERBAND as used by most cable TV operators. Composite 
and RGB video outputs are located on the rear panel for direct 
connection to most makes of monitor. For complete compatibility 
- even for monitors without sound - an integral 4 watt audio 
amplifier and low level Hi Fi audio output are provided as 


standard. 
Telebox ST 


Telebox STL 
Telebox MB 


* Factory burnt-in 


* Standard 84 key 
keyboard 


* 12" green screen 
included 


* In good used condition 





£175.00(E) 


for composite video input monitors £32.95 
as ST but with integral speaker £36.50 
as ST with Multiband tuner VHF-UHF-Cable. 
& hyperband For overseas PAL versions state 
5.5 or 6mhz sound specification. £69.95 
Telebox RGB for analogue RGB monitors (15khz) £69.95 
Shipping code on all Teleboxes is (B) 
RGB Telebox also suitable for IBM multisync monitors with RGB 
analog and composite sync. Overseas versions VHF & UHF call. 
SECAM/NTSC not available. 


No Break Uninterruptable PSU’s 
Brand new and boxed 230 volts uninterruptable power supplies 
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD 
1085-AHBH is 1 Куа. Both have sealed lead acid batteries. МОК 
are internal, MUD has them in a matching case. Times from 
interrupt are 5 and 15 minutes respectively. Complete with full 
operation manuals. MUK......£249 (F) MUD......£525 (G) 


1992 Winter issue 


-ELECTRONICS - 


286 АТ - РС286 386 АТ - ቦር386 


* 6408 ВАМ expandable * 2 serial & 1 parallel 
with standard SIMMS ports 


* 12 Mhz Landmark speed * MS-DOS 4.01 
* 20 meg hard disk * Co-processor socket 
* 1.2 meg 5-1/4" floppy * Enhanced 102 key 


" keyboard 
* 1.4 meg 3-1/2" floppy н 
• ЕСА driver оп board ° НИ with 


BRAND NEW AND BOXED! 


ому 249.00. 


The Philips 9СМ073 is suggested for the PC286 and the 
CM8873 for the PC386. Either may use the SVGA MTS-9600 
if a suitable card is installed. We can fitthis at a cost of £49.00 
for the PC286 and £39.00 for the PC386. 


POWER SUPPLIES 


Power One SPL200-5200P 200 watt (250 w peak).Semi open 
frame giving +5v 35a, -5v 1.5a, +12ሃ 4a (Ва peak), -12v 1.58, 
424v 4a (ба peak). All outputs fully regulated with over voltage 
protection on the +5v output. AC input selectable for 110/240 
vac. Dims13" x 5" x 2.5". Fully guaranteed RFE. £85.00 (B) 


Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v 
(2А). 5v @ 20A. + 12v @ 1.5A. Switch mode. New. #59,95(В) 
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. «12v 6 
2а. -12у @ 0.18. 6-1/4" x 4" x 1-3/4'.New £22.95(B) 
Greendale 19ABOE 60 watts switch mode.+5v @ ба,+12у ወ 
1a,415v 6 18. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) IBM PC's, Amiga, Atari (excluding the 
Conver ልር130. 130 watt hi-grade VDE spec. Switch mode.+5v monochrome high resolution mode), BBC, 
а 15a,-5v 8 1а,%12у ወ 6a.27 x 12.5 x6.5cms.New. £49.95(C) Archimedes etc. Good used condition (possible minor screen 
Boshert 13090.Switch mode. Ideal for drives & system. +5ህ @ ба, burns) 90 day guarantee. 15” x 14" x 12". Only £139(E) 
+12v @ 2.58, -12v @ 0.5a, -5v @ 0.53. £29.95(8) Philips 9СМ073 similar (not identical) to above for EGA/CGA 
Farnell G6/40A. Switch mode. 5v 2 40а.Епсазей £95.00(C) рс and compats. 640 X en т With Text switch with 
Farnell G24/5S. As above but 24v (9 5a. £65.00(C) amber or green screen selection. 14" x 12" x 13-1/2"........£99(E) 


BBC Model B APM Boar KME 10" high definition colour monitors. Nice 


tight 0.28" dot pitch for superb clarity and 
£100 CASH FOR THE modern styling. Operates from any 15.625 khz 
MOST NOVEL 


sync RGB video source, with RGB analog and 
DEMONSTRATABLE composite sync such as Atari, Commodore 
APPLICATION! 


* 2 meg RAM expanded 
by slots 


* 20 Mhz with 32k cache. 
Expandable to 64k 


* 40 meg hard disk 


* 2 serial & 1 parallel 
ports 


* MS-DOS 4.01 
* Co-processor socket 
* Enhanced 102 keyboard 


* 1.2 meg 5-1/4" floppy — . Kwik Disk Accelerator 
* УСА card installed Software - FREE 


BRAND NEW AND BOXED! 


ow£425.00. 
______момтоне T 


MONITORS 


14" Forefront Model MTS-9600 SVGA 
multisync with resolution of 1024 x 768. 0.28 
pitch. "Text" switch for word processing etc. 
Overscan switch included. Ideal for the PC- 
386 or PC-286 with SVGA card added. Also 
compatibe with BBC, Amiga, Atari (including 
the monochrome high resolution mode), Ar- 
chimedes etc. In good used condition (possible minor screen 
burns). 90 day guarantee. 15* x 14" x 12". Only. £159(E) 
14" Philips Model CM8873 УСА multisync 
with 640 x 480 resolution. CGA, EGA or 
VGA, digitaV/analog, switch selectable. 
Sound with volume control. There is also a 
special "Text" switch for word processing, 
spreadsheets and the like. Compatible with 


N £100 
wasit 


MAIL ORDER & OFFICES 
Open Mon-Fri 9.00-5.30 
Dept EL, 32 Biggin Way, 
Upper Norwood, 
London SE19 3XF. 


Amiga, Acorn Archimedes & BBC. Measures ~ 

only 13.5" x 12" x 11". Also works as quality ТУ with our HGB 
BBC Model B type computer on a board. A major purchase 
allows us to offer you the PROFESSIONAL version of the BBC 
computer at a parts only price. Used as a front end graphics 
System on large networked systems the architecture of the BBC 
board has so many similarities to the regular BBC model B that 
we are sure that with a bit of experimentation and ingenuity many 
useful applications will be found for this board!! It is supplied 
complete with a connector panel which brings all the I/C to 'D' 
and BNC type connectors - all you have to do is provide +5 and 
%12у DC. The АРМ consists of a single PCB with most major 
ic's socketed. The ic's are too numerous to list but include a 
6502, RAM and an 5ልል5050 teletext chip. Three 27128 
EPROMS contain the custom operating system on which we 
have no data, On application of DC power the system boots and 
provides diagnostic information on the video output. On board 
DIP switches and jumpers select the ECONET address and 
enable the four extra EPROM sockets for user software. Appx. 
dims: main board 13” x 10". I/O board 14" x 3". Supplied tested 
with circuit diagram, data and competition entry form. 


Only £29.95 or 2 for £53 (B) 


SPECIAL INTEREST 


Trio 0-18 vdc bench PSU. 30 amps. New 

Fujitsu M3041 600 LPM band printer 

DEC LS/02 CPU board 

Rhode & Schwarz SBUF TV test transmitter 
25-1000mhz. Complete with SBTF2 Modulator 

Calcomp 1036 large drum 3 pen plotter 

Thurlby ዚል 1608 logic analyser 

1.5kw 115v 60hz power source 

Anton Pillar 400 Hz 3 phase frequency converter 75Kw POA 

Newton Derby 400 Hz 70 Kw converter POA 

Nikon PL-2 Projection lens meter/scope £750 

Sekonic SD 150H 18 channel Hybrid recorder £2000 

HP 7580A A1 8 pen high speed drum plotter £1850 

Kenwood ሀል-3501 CD tester, laser pickup simulator £ 350 


BRAND NEW PRINTERS 


Microline 183. NLQ 17x17 dot matrix. Full width. £139 (D) 
Hyundai НОР-920. NLQ 24x18 dot matrix full width. £149 (D) 
Qume LetterPro 20 daisy. бите QS-3 interface. £39.95 (D) 
Centronics 152-2 9 x 7 dot matrix. Full width. £149 (D) 
Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" width£ 99 (D) 


£ 470 
£2950 
£ 150 


£6500 


LONDON SHOP 
Open Mon-Sat 9-5.30 
Thursday till 9.00pm 
215 Whitehorse Lane, 

South Norwood, 

London, 5625. 


£ 650. 


DISTEL © The Originat 
Free dial-up database! 
1000's of items+info on line 
V21, V22 & V22 bis 


All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Government, Universities, Schools & Local Authorities 


welcome-minimum account order £30. Carriage charges (A)-£2.00. (A1)- £3.75. (B)- £5.50. (C)-£8.50. (D)-£11.50. (E)-£14.00 (F)- £18.00 (G)-Call . Scotland surcharge: call. 
А! goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on a retum to base basis.Rights reserved to 


Telebox. Good used condition. 90 day guarantee. Only..£125 (E) 
KME as above for PC EGA standard 

Brand new Сепігопіс 14" monitor for ІВМ PC and compatibles 
at a lower than ever price! Completely CGA equivalent. Hi-res 
Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz 
bandwidth. A super monitor in attractive style moulded case.Full 
90 day guarantee. Only ............. £129 (E) 
NEC CGA 12" IBM-PC compatible. High 

quality ex-equipment fully tested with a 90 

day guarantee. п an attractive two tone 

ribbed grey plastic case measuring 15"L x 

13"W x 12*H. The front cosmetic bezel has 

been removed for contractualegg (E) 


reasons. Only.......... 
20", 22" and 26" AV SPECIALS 
Superbly made UK manufacture. PIL all solid state colour 


monitors, complete with composite video & sound inputs. Attrac- 
tive teak style case. Perfect for Schools, Shops, Disco, Clubs. 
Іп EXCELLENT little used condition with full 90 day guarantee. 


20"....2135 22"....2155 26"....2185 (P 
CALL FOR PRICING ON NTSC VERSIONS! 


Superb Quality 6 foot 40u 
Rack Cabinets 


Massive Reductions 
Virtually New, Ultra Smart! 


Less Than Half Price! 


Top quality 19" rack cabinets made in UK 
by Optima Enclosures Ltd. Units feature 
designer, smoked acrylic lockable front 
door, full height lockable half louvered back 
door and removable side panels. Fully ad- 
justable internal fixing struts, ready 
punched for any configuration of equipment mounting plus ready 
mounted integral 12 way 13 amp socket switched mains distribu- 
tion strip make these racks some of the most versatile we have 
ever sold. Racks may be stacked side by side and therefore 
require only two side panels or stand singly. Overall dimensions 
are 77-1/2"H x 32-1/2'D x 22"W. Order as: 

Rack 1 Complete with removable side panels.......£275.00 (С) 
Rack2 Less side panels £145.00 (G) 


FE, 


FOE 
-0000070070792747%72 


of Display News now available - send large SAE - PACKED with bargains! 


ALL ENQUIRIES 


081.679.4414 


Fax- 081-679-1927 





change prices & specifications without prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted for cash. 
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ELEKTOR ELECTRONICS 1s available from, among others: 


CRICKLEWOOD 
ELECTRONICS LIMITED 
40 Cricklewood Broadway, 

London NW2 3ET 
Telephone 081 450 0995 

Fax 081 208 1441 


THE ELECTRONIC SHOP 
Electronic components, test 
equipment, telephone 
accessories, computer 
accessories, microphones, 
disco lighting, speakers, turn 
tables, mixers, meters, stylus. 
29 Hanging Ditch, 
Manchester M4 3ES, 
Telephone 061 834 1185 


ELEY ELECTRONICS 
100-104 Beatrice Road 
Leicester LE3 9FF 
Telephone (0533) 515 944 





GREENWELD 
27 Park Road 
Southampton SO1 3TB 
England 
Telephone (0703) 236 363 
Fax (0703) 236 307 


L.F. HANNEY 
Your electronic component 
specialist for Avon, Wilts & 
Somerset. 
77 Lower Bristol Road, Bath, 
Avon, Telephone 0225 
424811 





D.P. HOBBS (NORWICH) 
LTD 

Electronic component 

specialists. Amateur radio 
equipment. 
13 St. Benedict Street, 
Norwich NR2 4PE, 

Telephone 0603 615786 


MANCOMP 
240 Platt Lane 
Manchester M14 7BS 
England 
Telephone 061 224 1888 


OMNI ELECTRONICS 
Stock a wide range of 
electronic components. 
174 Dalkeith Road, 
Edinburgh ЕН16 5DX, 
Telephone 031 667 2611 


ADVERTISING IN 
Elektor Electronics 


The closing date for copy is five weeks before 
publication date (four weeks for camera-ready copy). 
Colour advertisements should be submitted on film 
separations. Elektor Electronics is published on the third 
Thursday of the month preceding cover date. 
Elektor Electronics (Publishing) will not be liable for 
any loss caused by the failure of any advertisement to 
appear for any reason, and they do not accept liability 
for printers’ errors, although every care is taken to avoid 
mistakes. 

Copy instructions, artwork and all correspondence 
pertaining to advertisements should be addressed to 


Elektor Electronics (Publishing) 
Advertisement Office 
3 Crescent Terrace 
CHELTENHAM GL50 ЗРЕ 
England 
Telephone (0242) 510 760 
FAX (0242) 226 626 





AAGE NIELSEN 
1 Sortedam Dosseringen 
DK-2200 Copenhagen, 
Denmark, 
Telephone 01 39 30 10 
Fax 031 39 05 02 


HELMHOLT ELEKTRONIK 
Farvevej 2 
13፪-7600 Struer, Denmark 
Telephone 97 85 26 11 





RCE ELECTRONIC 
CENTRE 
Boulevarden 34 
DK-9000 Aalborg, Denmark 
Telephone 98 16 07 10 


VEJLE RC ELEKTRONIK 
Sdr Brogade 42 
P O Box 332 
DK-7100 Vejle, Denmark 
Telephone 75 83 25 33 


BEBEK ELECTRONICS 
Hirsimetsántie 26 
SF-15200 Lahti 11 

Finland 

Telephone (18) 33 99 46 





TABACCARIA BRITANICA 
Praca do Duque da 
Terceira 19 
1107 Lisboa, Portugal 
Telephone 932 4752 


MK KNJIGARNA 
Slovenska 29 
Ljubljana 
Slovenia 
Telephone 061 150 196 


TECHNICAL BOOKS & 
MAGAZINES 
289-299 Swanston Street 
Melbourne, Australia 3000 
Telephone 663 3951 


INEL Co. 
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ELEKTOR ELECTRONICS OCTOBER 1993 


THE BEST LOW COST PROGRAMMERS 
DESIGNED & MANUFACTURED IN THE UK 


UNIVERSAL PROGRAMMER 
E Superfast PC based programmer 
W Programmes; EPROMS UP TO 8M BIT, 
FLASH EPROMS, EEPROMS, BPROMS, 
NVRAMs, MICROS (8748/51), 
PALs, GALs, EPLDs, PEELS, 
MACHS, MAPLs, MAX 
B Plugs directly into 
parallel port 
Ш 1000E Version has ROM/RAM 
emulator built in: 128k 
(1 Mbit) standard, 
optional 512K (4Mbit) 


UNIVERSAL PROGRAMMER 

Ш Programmes: EPROMS UP TO 8M BIT. 
FLASH EPROMS, EEPROMS, 
BPROMS, NVRAMs, PALs, 

GALs, EPLDs, PEELs, 
MACHs, MAPLs, МАХ etc. 

Ш PLUS over 80 different Micros 
including 8748/51, 68HC705, 68HC711, 
PICs, 786, TMS320; TMS370 etc DIPs 
WITHOUT ADAPTORS OR 
PERSONALITY MODULES! 

፪ Package adaptors available. 

Ш 1000E Version has ROM/ 

RAM emulator built in: 
128K (1Mbit) standard, 
optional 512K (4 Mbit) 


ШЗ way, Pc or stand alone 

Ш Super-fast programming times, 
manufacturer recommended 
algorithms 

Ш 32 pin devices as standard 

W Support for 8748,51, 
TMS370, PIC Micros and 
40 pins. 





WHY BUY AN INFERIOR IMPORTED PROGRAMMER WHEN YOU CAN HAVE A MANUFACTURER 
APPROVED UNIVERSAL PROGRAMMER/EMULATOR DIRECT FROM ICE TECHNOLOGY! 


| We offer the best range of low-cost programmers available, now including our unique 


| | Unrivalled device support, for example the Micromaster 1000 programmes PICS, 786, 87C705, 68HC705, 
ТІМ5370, 77C82 ETC WITHOUT ADAPTORS, as well as the full range of Eproms, PLDs etc supported by 
. аП our universal programmers. 


for their full range of PALs, GALs, and MAPLs - other programmers 
claiming approval are often only approved for EPROMs - a much less exacting specification! 
| | All our programmers and programme/emulators work off the standard parallel port with any IBM 
compatible PC, even laptops 
_| Unbeaten programming times: Programme a 27256 in just 5 SECONDS including download and verify. 
Easy upgrade path between Models. 


FOR MORE DETAILS, DEVICE LIST AND DEMO DISK 





|| | 


ICE TECHNOLOGY LTD, ИМТ 4, PENISTONE COURT, STATION BUILDINGS, PENISTONE, S. YORKS, 530 6HG, UK. 














Level В: 
Quality Assurance 
RS12750 


BS 5750 
Part 2 1987 


on sale now, only £2.95 





Over 700 colour packed pages with hundreds 
of brand New Products at Super Low Prices, 
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